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Abstract
This thesis explores possible evidence of intensified production in the prehistory of 
Manus Province (Admiralty Islands), Papua New Guinea. This research aim draws on 
broader archaeological assumptions that changes in past subsistence are traceable 
through durable modifications of the landscape and often signal attempts to intensify 
production. To address this issue two examples of walled complexes, both constructed 
for subsistence production, are compared. On the small volcanic island of Baluan, 
walled garden enclosures cover the landscape while in the other, inhabitants of Andra 
constructed a nearly continuous barrier of walled fish traps along the reef edge.
Three approaches were used to address these issues. The first is descriptive in that it 
documents through ethnographic interviews and field observations the physical 
structure, function and customary use of both walled complexes. Particular attention is 
given factors influencing yields, labor requirements and the consequences of capital 
investments, all considered significant in measuring intensified production. For Baluan, 
agricultural procedures and cycles are reconstructed as are the island's once pronounced 
and diverse assemblages of fruit and nut trees. For Andra, the walled trap complexes 
were one of 28 fishing methods known to be used by a specialized fishing community to 
exploit highly differentiated reef environments and their diverse fish populations. While 
the function of the walled traps are examined in detail, all 28 methods are also described. 
The second approach attempts to isolate and deduce phases of chronological and spatial 
development in these complexes, focusing primarily on their establishment, expansion 
and the possible intensification of their structural capacities. On Baluan analyses 
examine a sample of 736 walled enclosures while, for Andra, the sample included 221 
walled fish traps visible on aerial photographs and 47 mapped examples. The third 
approach emphasizes the environmental and social context of these developments as 
they can provide the impetus for production increases or present limitation to these 
efforts.
Several common elements emerged from comparisons between these two, almost 
contrasting, walled complexes. Customary use and the structural histories of the 
complexes suggest that competition over the allocation of resources was of greater 
significance in their development than attempts to increase production. Underscored is 
the value, in similar circumstances, of considering the organizational aspects of 
production in explaining these developments instead of focusing solely or primarily on 
issues of production increases or labor requirements. In both cases, pressures on 
production were expressed most strongly at the level of the household, a trend reflected 
in the replication of individual forms that constitute the complexes. Although neither 
complex appears to strongly and directly express the process of intensification, evidence 
suggests that both were components in a larger trend in which production as a whole 
was intensifying and becoming more concentrated. These results serve as reminders that 
the most archaeologically visible components of subsistence may not represent 
production prominence or precisely mark significant phases of intensification.
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Chapter 1
Introduction
Over the last 25 years, the study of the prehistory of subsistence in the Pacific has 
frequently focused on what has been called “landesque capital” or “durable 
modifications of land surface” (Brookfield 1986:177,179). Varying substantially in form 
and complexity, such constructions have included systems of irrigated terraces and pond 
fields; wetlands drained by ditches and shaped into planting mounds; pits excavated into 
the water tables of coral atolls; and extensive dryland complexes composed of stone 
walls and mounds. Efforts to document the development and consequences of these 
durable modifications now range from drainage works in the New Guinea Highland 
going back 6000 and possibly 9000 years ago to those actively used by communities 
whose economies essentially remain at a subsistence level (Golson 1982, 1985; Yen 
1985b; Kirch 1984; Spriggs 1986). Over this broad time span, evidence continues to 
demonstrate varying trends in the creation, elaboration or abandonment of increasingly 
diverse examples.
Many of these studies have several assumptions in common. These constructions 
provide a physical or artifactual record of subsistence production1 which can be studied 
archaeologically to throw light on the histories of the communities which made and used 
them Chronologically, the construction, elaboration or abandonment of these features 
potentially mark major changes in subsistence production and in the realm of social 
behavior, particularly if such changes are of a sufficient magnitude and can be shown to 
correlate with other artifact or structural types which also indicate significant changes.
In interpreting these developments the technological or structural modifications of the 
landscape represented some form of intensification in that they allowed increases in food 
production or were initiated by a perceived need for such increases. In extreme cases, 
increased efforts, in terms of labor or technological skill, were needed to curb a decline 
in production. More specifically, such intensification generally implies “an increase in 
subsistence productivity by a group living in the same area over a specified unit of time” 
(Farrington 1985:1).
The following thesis explores possible evidence of production intensification in the late 
prehistory of two islands in the Manus Province (Admiralty Islands), Papua New 
Guinea. In both cases, structural features formed highly visible components of 
subsistence production. On one island, a small shield volcano called Baluan, the 
landscape is almost entirely covered with walled enclosures and mounds constructed of 
stone, the vast majority being used for agricultural production. On the other island, the 
sand cay of Andra, inhabitants constructed a nearly continuous barrier of walled fish 
traps along the northern edge of the reef flat on which the sand cay lies. Situated at 
opposite ends of the Manus archipelago (Fig. 1), the local subsistence economies of 
these two islands differed substantially. Baluan on the southeastern periphery of the 
island group, relied primarily on agricultural production and, despite its small size and 
more limited participation in external trade and exchange, the populace is capable of 
much higher levels of self-sufficiency. Andra, having a very small and largely
1 For the purposes of this thesis, the term subsistence production denotes the production of food, 
although including non-edible products whose exchange is crucial in obtaining food is a very valid 
extension of the term (Allen 1985: Macintyre and Allen 1990). As non-edible trade items are not the 
focus of this thesis, they are treated separately as other forms of production.
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unproductive land-base, was one of the highly specialized fishing communities of Manus 
which depended almost entirely on the trade and exchange of fish and marine resources 
for starch staples, routinely used construction materials and a variety of terrestrial 
resources and products.
Despite significant differences in the structural features being studied and the contexts in 
which they developed, these two examples, both having the outward appearance of 
intensified production, presents opportunities that are infrequently explored. Firstly, 
comparison of two very different circumstances could contribute to isolating those 
attributes and tendencies which are so fundamental to the intensification process that 
they override such pronounced differences. Secondly, the potential exists that 
similarities in their structural forms or parallels in their development may reflect the 
prevailing economic and social context of Manus, at least during its late prehistory. 
Ethnographically, this context is portrayed as one in which the various Manus 
communities were linked by a diverse trade and exchange network that effectively 
integrated the entire archipelago (Mead 1937, Schwartz 1963). If this were true on a 
sustained basis, factors influencing these developments could have been similar despite 
the fact that the two islands were at opposite ends of a culturally diverse island group 
and the intensity with which they participated in the trade networks differed 
substantially.
Comparisons beyond Manus may also be possible. The complex trade and exchange 
networks, specialized production and high levels of cultural and linguistic diversity 
described for Manus broadly conform with the characteristics of many Western 
Melanesian islands as seen in anthropological and archaeological studies (Harding 1967; 
Allen 1984b; Irwin 1978b, 1983). Should significant similarities be evident between the 
two examples of walled complexes studied, then the question can be asked if the 
similarities in some way characterize these trading societies or are representative of this 
region. Such distinctions, if they eventually prove fruitful, might form a basis for 
comparison with other areas in the Pacific where stone features in dryland agricultural 
areas are numerous.
The current study also examines intensification of fishing more directly. Previous 
discussions of intensification have focused on agricultural or land-based production and, 
when marine resources are considered, they are generally viewed as one component of a 
larger system founded in land-based production. In most cases, marine environments lay 
immediately adjacent to agricultural areas and a single group, politically and 
economically, is thought to have controlled production of marine and terrestrial 
resources. In this case, isolating what intensification may mean in a marine setting could 
be more effective because fishing is the dominant pursuit of a single community, and its 
territorial jurisdiction is largely restricted to a marine environment. Questions of marine 
intensification can therefore be addressed and compared on a more equal footing with 
those of agricultural intensification.
This introductory chapter begins by reviewing the theoretical framework of the thesis, 
that of subsistence intensification and its role in the prehistory of the Pacific. Also 
included is a discussion of stone features constructed for subsistence purposes, 
particularly those found in Western Melanesia. In these discussions Western Melanesia 
is defined as the “region encompassed by Papua New Guinea, the Solomon Islands, and
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to a minor extent, Vanuatu” (Kirch 1991:142). The chapter ends with an outline of the 
general research goals that governed the collection and analysis of data from the two 
islands and the content of the remaining eight chapters of the thesis.
General Theoretical Framework
The study of production intensification in the Pacific owes its initial prominence and 
direction to Boserup (1965), Geertz (1963) and Brookfield (1972). All three subscribed 
to the theory that growing population pressure was a major and potentially independent 
cause of change in agricultural production. The causal theory put forth by economist 
Boserup was the most influential and persistent in the wider archaeological literature and 
in that of the Pacific. She argued that, in agricultural economies, gradual population 
growth causes the progressive adoption of cultivation procedures that are increasingly 
labor intensive. Thus, through time, higher yields of food are being produced per unit of 
arable land but this increase comes at the cost of more labor per unit of food and the 
prospects of diminishing returns recur repeatedly. Frequency of cultivation was a broad 
measure of this process as was the concurrent shortening of fallow periods which she 
illustrates as a progression from forest fallow to bush fallow, grass fallow, annual 
cropping and, eventually, multicropping. It was only within the seemingly undesirable 
circumstances created by the inexorable growth in population, she argued, that people 
can be compelled to work harder. As she assumes that environment and agricultural 
technologies are capable of accommodating these increases, population pressure was 
clearly independent of other social or environmental considerations (Brookfield 1972; 
Farrington 1985; Trigger 1989:21, 305, 320-321). In archaeological circles, this 
approach meshed well with then current trends which sought explanations for cultural 
change in internal processes instead of external influence.
Geertz’s major contribution was his emphasis on environmental constraints as a factor in 
determining the course of intensified production and his recognition that some 
agricultural systems are capable of higher degrees of intensification. Through 
anthropological data and historical records, Geertz traced the histories of a dryland 
swidden regime and wetland rice cultivation in Java. In the swidden regime, he found 
increases in the frequency of cultivation and labor investments resulted in “a swift 
decline of marginal returns to and below zero as the essential environment of the system 
is destroyed through excess utilisation” (Brookfield 1972:33). Thus intensification 
eventually led to declining yields, a loss of soil fertility and environmental degradation.
In contrast, the more flexible wetland rice ecosystem accommodates increases in labor 
and technical investments which allow “marginal productivity to remain above zero long 
after average productivity has ceased to grow with additional inputs” (Brookfield 
1972:33). These levels of production permit an ‘involution’ of the system in that smaller 
and more densely packed plots can be created and still remain productive.
In his 1972 article, Brookfield states his intention to propose a theoretical framework for 
intensified production that would be testable in the Pacific. While accepting Boserup’s 
premise of a population-based theory and environmental factors as conditioning 
variables, Brookfield wished to the discussion was to accommodate the needs and 
pressures of social production or, as he put it, to give the general explanation “an 
understanding of human needs and motivation” (Brookfield 1972 :46). Social 
production, or surplus production, encompassed those goods used for ceremonial or 
ritual purposes and, if traded, those that allowed the acquisition of locally unavailable
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resources; subsistence production goods consumed by the immediate family and 
associates of the grower. Intensification is defined as “the addition of inputs up to the 
economic margin” which is linked to “the concept of efficiency through consideration of 
marginal and average productivity obtained by such additional inputs” (Brookfield 
1972:31). This can be measured by “inputs only of capital, labor and skills against 
constant land” because the “purpose of intensification is the substitution of these inputs 
for land”, which is thus used more frequently or in a manner that allows “a greater 
concentration of production” (Brookfield 1972:31).
A number of factors made these approaches particularly appealing to Pacific 
archaeologists throughout the 1970’s and 1980’s. Firstly, as pointed out by Brookfield 
(1972), the diversity and intensity of agricultural practices documented across the 
Pacific showed that ample data existed with which to test these theoretical approaches. 
At the time, this diversity was documented in overviews by Barrau (1958, 1961) and 
Yen (1971) which described diversity of crops and agricultural technologies as the 
‘endpoints’ of long-term developments or a ‘witness to the past’ (Barrau 1965). In 
addition to extant examples, extensive relict systems were known on some islands 
groups. Previously, the distribution of crops and agriculture technologies had been used 
largely to trace “human migrations in the remote past” (Yen 1973b:68) or to explore 
how the diversity of agricultural systems represented cultural and biological adaptations 
to variable island environments (Yen 1971; Kirch 1978). Intensification now provided a 
theoretical framework for considering other courses of change within agricultural 
communities (Brookfield 1972).
Secondly, it was relatively easy to visualize population pressure as occurring and being 
significant given the relatively small size of many Pacific islands or their narrowly 
defined productive environments Even if increases in population were not easily 
documented, the boundaries to expansion were In Western Melanesia, high population 
densities were noted in post-contact accounts of small islands linked in regional trade 
and exchange networks and in portions of the New Guinea Highlands (Allen 1985; Irwin 
1978a, Golson 1985). Some argued that Pacific populations had been much higher in 
the past, given widespread evidence of abandoned and overgrown village sites and 
agricultural fields (Brookfield 1972:35).
The third advantage was that environmental constraints were often apparent in island 
landscapes and in the growing evidence of paleo-ecological change, some being 
attributed to human use of the landscape or potential resource base. Thus, it was 
believed that corroborating evidence could be found that expanding production needs 
had faced environmental constraints. Humanly induced or accelerated changes were 
seen as occurring gradually as a result of prolonged subsistence activities or more 
dramatically if compounded by periodic catastrophic events (Kirch 1982a, 1984; Spriggs 
1985). Particularly important were records of major changes in the composition and 
structure of vegetation communities and of increasing rates of soil erosion, especially if 
the two coincided (Golson 1982, 1985). This evidence was generally used to infer 
increases in land clearance for gardens, higher incidence of burning and some level of 
degradation in the agricultural potential of an area. It was also argued that the over- 
exploitation of marine and terrestrial resources demonstrated a threshold of subsistence 
limitations and that these constraints may have fostered a greater emphasis on 
horticultural developments. Evidence for this claim included a decrease in the size of 
marine invertebrates found in shell middens and the depletion or extinction of faunal
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resources through direct exploitation or habitat alteration (Swadling 1976; 1977, 1986; 
Kirch 1980; Kirch and Yen 1982:310).
By the earlier 1980’s, Brookfield (1984, 1986) was able to ‘revisit’ the topic of 
intensified production and review at least a decade of research stimulated by the 
concept. As Brookfield bluntly states, the initial theories proposed by Boserup, Geertz 
and himself were “battered” by criticism and often found inapplicable (Brookfield 
1984:15-17), their most noted weakness being an over-reliance on population as an 
independent variable2 and the presumption of diminishing returns. When these theories 
were used, they were often left almost unrecognizable by the number of qualifications. 
The intervening years of research showed, and have continued to show, a growing 
acceptance o f ‘social production’ as an impetus for intensified production and a general 
shift from explanations that focus on single causes to those that consider multiple 
contributing causes and compounded consequences. Research also pointed to an 
increasing number of factors that needed consideration when assessing intensified 
production. These qualifications often resulted in more diverse definitions of what 
intensification is and the means by which the phenomena can be measured.
Despite a declining reliance on single causes, population pressure on resources 
continued to dominate explanations for the apparent growth of production systems 
(Brookfield 1984:20-24; 1986:177). Even when eclipsed by economic and political 
processes, increasing population densities generally remained an unavoidable although 
diminished consideration. This is illustrated in examples from Western Melanesia and 
other parts of the Pacific. In examining the development of specialized trading groups in 
Western Melanesia, Mcintyre and Allen emphasize prestige acquisition and status rivalry 
as the major impetus for the expansion and growing complexity of the trading networks 
and the production systems that supported them (Mcintyre and Allen 1983, 1990; Allen 
1985). The competition that fueled these networks and intensified production, however, 
also left the economies unstable. Also contributing to both their success and 
vulnerability, was the characteristic tendency of these specialized trading groups to 
support high population densities on small land bases. In the New Guinea Highlands 
Golson and Gardner sought to understand the prehistoric cultivation of swamps through 
the dynamics of the complex ceremonial exchange network (moka) which was 
competitive in nature, had “comprehensive links with all aspects of reproductive 
exchange and warfare payments” and was tied directly to agricultural production and pig 
husbandry (Golson and Gardner 1990:398). While this explanation for the region’s 
agricultural history has “not proved uniformly robust”, they argue that the “link between 
agriculture and sociopolitical structures is forged by exchanged practices” (Golson and 
Gardner 1990). Again, the areas in which these networks were particularly pronounced 
were often heavily populated. In Vanuatu, Spriggs traced a series of landuse and 
landscape changes that began with dryland agriculture and ended with the development 
of more productive irrigated systems within the last several hundred years. While 
increasing population densities probably occurred through this development sequence, 
the expansion of irrigation and its higher capacity for intensified production went “hand
7
In the general archaeological literature the declining emphasis on Boserup's theory was due, in part, 
to the difficulty of testing it archaeologically. Despite an increase in paleodemographic studies, it was 
rarely possible to demonstrate, reliably, that population densities in an area had risen, that production 
had intensified and that labor efficiency had declined within the predicted chronological sequence 
(Trigger 1989:320-321. 305).
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in hand” with the “growth of chiefly power” as surplus production was fueled by 
competitive feasts (Spriggs 1986:16).
Beyond Western Melanesia political motivations often gained greater prominence 
because irrigated agriculture was present in many island groups. Wittfogel’s ‘hydraulic 
hypothesis’ encouraged correlations between irrigation and stratified societies3, and 
ample enthno-historic evidence recorded the hierarchical structure of societies in the 
region (Wittfogel 1957; Brookfield 1984; Kirch 1984, 1985a). Irrigation not only 
created circumstances amenable to social stratification, but also produced the surpluses 
necessary to maintain the resulting hierarchies. Most explanations of these systems, 
however, attempted to accommodate the compelling evidence for political production 
and the fundamental importance of increasing population densities. This is particularly 
clear in Hawaii, often viewed as the most hierarchical of Polynesian chiefdoms. Based 
on his analysis of an extant and relict irrigation system in Hawaii, Earle (1978) argued 
that these irrigation systems could have been developed by local kinship and that neither 
the irrigation system nor the highly stratified political order was necessarily dependent 
on the other. He argued instead that surplus production was politically imposed and that 
“agricultural intensification was a strategy to increase local population as a means to 
increase surplus production” (Earle 1978:125), all of which was largely fostered by 
status rivalry. Explanations for the development of Hawaiian dryland and irrigated 
systems tended to emphasize population size and densities although most incorporate, at 
some level or causal sequence, the pressures of surplus production for political ends and 
the environmental limitations (Cordy 1974; 1981; Hommon 1986; Tuggle and 
Tomonari-Tuggle 1980; Kirch 1984; 1985b). For example, Hommon (1986:64) saw the 
“need for additional food for a continually growing population as the simplest 
explanation” for the initial expansion and intensification of agricultural systems.
Attempts to qualify the originally proposed theories of intensification inevitably raised a 
number of issues that needed consideration Although evidence continued to show that 
environmental constraints could be significant, environments also provided 
opportunities. In such circumstances the advantages of particular production strategies 
could motivate change without relentless pressures on production and societies could be 
viewed as active, not just reactive, participants in the process (Brookfield 1984). 
Constraints on production were expanded to include social factors that could effectively 
resist changes and gender roles that could set limits on labor availability (Spriggs 
1981:66; Brookfield 1986). Brookfield (1984:16) revived an “old distinction” when he 
explored the conceptual differences between innovations and intensification, one 
increasing production by introducing new components to a system and the other 
increasing the production capacities of extant components. Particularly important to 
many studies, however, was the degree to which developments permitted environmental 
conditions, and thus production, to be controlled (Brookfield 1984; Spriggs 1981; Kirch 
1985a). Control was crucial in determining the extent to which production could be 
manipulated and therefore increased while the ability to control environmental factors 
substantially reduced the risk of production uncertainties. Yen’s study of Solomon 
Island fruit and nut trees demonstrated the diversity components that could be 
intensified in the Pacific (Yen 1974, 1976). He argued that their domestication and
3 Wittfogel's ‘hydraulic hypothesis' essentially proposes that large irrigation complexes developed in 
stratified societies because they required managerial control of water and thus centralized planning at a 
level higher than the individual cultiv ator.
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cultivation could represent an alternative or divergent form of intensification “which in 
other parts of the Pacific was channeled more into the technology of field husbandry of 
taro and yam” (Yen 1985b:319). The integration of these fruit and nut trees in 
agricultural systems was, he suggests, conducive to the long-term genetic selection of 
preferred forms or increased fruit size. These tree crops could also extend and prolong 
“the cultivation phase of a swidden rotation”, which effectively parallels the process of 
reducing fallow periods and creating a multi-cropped field (Yen 1973:72, 1985a:497).
The growing difficulty of dealing with multiple or highly-qualified definitions of 
intensification was emphasized by Turner and Doolittle when they observed that 
researchers are “engaged in the finer points of these arguments but are hampered by a 
diversity of definitions and measures that have been applied to agricultural intensity” 
(Turner and Doolittle 1978:297). This they attributed to discrepancies among the 
purposes and uses of the concept and its measure, a tendency that was particularly 
noticeable when the definitions used were “strongly influenced by the method of 
measuring without explicitly defining the concept to which the measure applies” (Turner 
and Doolittle 1978:297). Although increased production is fundamental to agricultural 
growth, researchers failed to deal with concepts of output or yields primarily because 
they were the most difficult to measure. Thus the measures of intensification came to 
overshadow the ultimate purpose of the study. Turner and Doolittle argued, instead, 
that yields or outputs against constant land area and time is the most appropriate 
measures and that other variables should be treated only as surrogates.
These difficulties of assessing yields or applying measures are compounded by the 
archaeological record from which very few of the factors identified by economists 
anthropologists or geographers can be deduced or directly inferred. While most 
archaeological interpretations emphasize yields, labor and frequency of use, it is 
primarily capital investments in the form of landscape modifications that are being 
directly assessed and they are clearly a biased representation of past systems (Brookfield 
1972; Yen 1976). Often it is assumed that such systems are the “physical manifestations 
of higher yields” because large labor inputs are needed to construct, maintain and 
possibly use them (Farrington 1985:6). This assumption has accentuated the role of 
labor in archaeological discussions of intensification. Brookfield, however, makes the 
point that capital-intensive systems are not necessarily labor-intensive. In some cases, 
the original labor investment creates conditions in which optimum returns can be 
achieved and these gains apply “to more than one production cycle, and sometimes to 
very many” (Brookfield 1986:179). In others, labor demands remain high during 
cultivation and maintenance phases. He also cautions on the matter of scale. In 
assessing these capital investments, archaeologists sometimes treat equally developments 
that are of different magnitudes in terms of their production capacities, need for 
management and influence on the societies that created them. For example, it is a 
“mistake to write of major irrigation and of lesser water-management systems under the 
same category o f ‘intensive agriculture’ and to group them together instead of 
differentiating them” (Brookfield 1986:178).
Phase of Development
Archaeological discussions frequently address questions of intensified production by 
identifying developmental sequences because they can accommodate a range of changes 
that can occur both spatially and temporally (Kirch 1982a; 1985a:453; Farrington 1985).
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These broad sequences can be summarized in three major phases: the innovation or 
establishment of a particular technology or means of production; its expansion over a 
broad area; and the subsequent elaboration or intensification of that means of 
production. Potentially, each phase can mark an increase in production, but the level of 
this increase can vary considerably and requires individual consideration (Brookfield 
1984). In reality, these abstractions are more readily applied to smaller, uniform 
production systems than they are to more complex ones that encompass multiple 
agricultural technologies and diverse environments (Farrington 1985). In more complex 
systems, different components may not develop or pass through comparable phases 
concurrently or in the expected sequences (Brookfield 1984). Also, in any one 
component, the three phases can occur repeatedly, creating a progressive series of 
production curves. Although not addressed specifically here, this process also occurs in 
reverse, with production contracting, disintensifmg, being abandoned or experiencing 
considerable fluctuations (Brookfield 1972; Farrington 1985; Golson 1982). The 
discussion of the three generalized phases presented below also explores the more 
prominent definitions, measures and considerations of intensified production, particularly 
the important distinction Brookfield makes between innovation and intensification 
(Brookfield 1984, 1986).
1. Innovation or Establishment Phase
The innovation phase implies the introduction of a new production technology into an 
extant system, something that can occur through internal development or external 
introduction. Although technologies are emphasized here because of their 
archaeological visibility, innovation can be biological (e g., new crops or crop 
varieties) or new skills, both affecting yields and labor requirements. As 
characterized by Brookfield (1984; 1986), agronomic innovation generally allows the 
greatest increase in production because it tends to create conditions in which a 
quantum leap can occur from no or minimal production to sustained yields. This 
process is particularly pronounced in marginal areas where capital or landscape 
modifications can significantly influence the conditions of production. Although 
production increases can be substantial, the distinguishing characteristic of innovation 
is that it introduces qualitative changes to production and initiates new productivity 
curves that will eventually show a normal reduction in the rate of production 
increase
While pressures to produce can result in innovation, it is just as likely to arise from 
the recognition of an opportunity or advantage. As it generally results in greater 
control of production, these opportunities can also be tied to sustaining yields, more 
than just increasing them, or reducing risks like those posed by droughts, erosion or 
predation by insects or animals. If such advantages are readily apparent, then relying 
on explanations such as population pressure or authoritarian demands for surplus may 
be unwarranted. In terms of labor inputs, this phase can require the greatest initial 
efforts but, once the innovation is established, subsequent requirements can vary 
substantially and depend largely on the nature of the innovation. More importantly, 
innovations change the quality of labor input and not necessarily the quantity of labor 
per unit area.
Social and environmental constraints can be the most immediate and pronounced in 
the innovation phase. A degree of conservatism in the organization of production
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can effectively resist innovation, particularly if the extant system is dominated by 
technological or structural commitments. Environmental conditions often restrict the 
feasibility and range of potential innovations, particularly the suitability of certain 
crops or technologies. Some of these considerations resemble those raised by Yen 
(1973b) and Kirch (1985a) in discussing the adaptation of crops, technologies or 
skills to the environments of newly colonized Pacific Islands and the consequences of 
these constraints on subsequent agricultural development. Temporally, innovations 
are more likely to occur in episodes of relatively short duration when compared to 
the potentially prolonged process of expansion or intensification. Such episodes can 
follow catastrophic or disruptive events because sudden uncontrolled events can 
defuse the conservative commitment to previous means of production.
2. Expansion Phase
The second stage, expansion, represents the replication of an established form of 
production or innovation over major portions of a landscape or within appropriate 
environments. Greater levels of productivity occur through using larger areas, not by 
increasing the rate of production in a given unit of land or by employing new 
technologies or skills (Farrington 1985; Kirch 1985a). In these circumstances, 
minimal additional labor is required to achieve these levels assuming that suitable land 
is available and population densities are sufficient to supply the labor needed to work 
greater areas. It is largely for this reason that expanding agricultural systems are 
most frequently correlated with gradual and continued increases in populations (Kirch 
1985a). Considerable expansion without a sufficient increase in population, 
particularly that fueled by a growing need or desire for surplus, is more likely to be 
periodic than sustained (Brookfield 1984), particularly if cycles of ceremonial 
presentation are involved. Expansion may be the most prominent means of increasing 
production in dryland systems because alternatives are more limited than with 
wetland systems (Hommon 1986).
Expansion phases, however, frequently reach environmental or social limits. 
Environmental constraints come into play when systems expand up to the viable 
limits of production or onto marginal lands whose productive capacity begins to 
deteriorate. Social constraints operate when expansion involves conflicting territorial 
claims and the likelihood of inter- or intra-group conflict increases. Presumably the 
rate and duration of expansion can vary greatly and both are dependent on the degree 
of production pressure and the area of potential expansion.
3. Intensification or Elaboration Phase
The final phase, intensification, produces greater yields, generally by increasing crop 
frequency, labor inputs, technological elaborations, skills or the concentration of 
resources. Fundamentally, the resulting changes are more quantitative than 
qualitative. In intensification, production increases arise from an existing production 
system within a constant area and the rates of increase are “up to (or beyond) the 
point of zero marginal return” (Brookfield 1986:179). Intensification is thus a 
substitute for land and one that avoids, unlike innovations, restructuring the 
production system. In this phase, the pressure or need to increase production is the 
most pronounced and is generally assumed regardless of cause. Given the prospects 
of diminishing returns, the pressures on production must be sufficient to force
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“people to drive either themselves or their land, or both, harder than they might 
otherwise wish” (Brookfield 1986:177). Thus the circumstances created tend to be 
burdensome or the anticipated gains worth the risk of bringing returns below the 
economic margin. The rates at which intensification proceeds probably vary the most 
and, as with expansion, depends largely on the kinds of pressures present and their 
magnitude. In general, intensification occurs more rapidly than expansion because 
the basic means of production do not need to be established. Compared with 
innovations which tend to be more distinct events, intensification can occur more 
incrementally and do so without the social constraints that hinder innovations 
(Brookfield 1984; 1986).
Also indicative of intensification are production systems that become increasingly 
more elaborate, internally diverse or concentrated (Brookfield 1984). In what 
Brookfield (1986) calls capital-intensive systems, this occurs by modifying an existing 
infrastructure through structural elaborations, by subdividing existing units or 
reorganizing the components of production. The labor required to create such 
elaborations and maintain them is generally less than that needed to initially create the 
system. This could also include the diversification of production and specialization 
(Farrington 1985, adopted from Bayliss-Smith). Diversification accommodates 
pressures to increase the range of products or technologies within a single production 
type rather than just increasing total yields. This process is well suited to minimizing 
risks, particularly those of crop failure or irregular production cycles. Specialization 
is the increased production of a particular crop or product which has comparative 
advantages in local conditions, and where the need for other goods or food can be 
met through trade or exchange networks. The pressures present in these 
circumstances are generally those tied to achieving status through exchanges and 
ceremonial presentations or to supporting population densities that could not be 
sustained otherwise on a given resource base.
Approach Adopted by Thesis
Despite theoretical uncertainties and the diffuse nature of the criteria applied, the 
process of intensified production remains firmly entrenched in archaeological thought 
and inevitably surfaces when the prehistoric record suggests changes in subsistence 
production. Many of the considerations raised in the exploration of intensification 
remain useful tools in examining past subsistence systems and, even if the results are not 
easily applied universally, they still contribute to an understanding of the processes that 
led to the variations and similarities in many regional prehistories.
For the purpose of this study, intensification will be explored at specific and general 
levels with a particular emphasis on examining phases of development. Conforming 
with a more general application of the term, it will be assumed that intensification 
results, whether intentionally sought or not, in an increase of yields from a given set of 
potential resources, over a specified area and within a particular time frame. Increases 
in production arising from innovations in production, the expansion of a technology or 
means of production and the elaboration of an existing system will be accommodated. 
More specific definitions will also be examined, particularly those refined by Brookfield 
(1984) which emphasized increases in yields (outputs) in an established production 
system, brought about by growing inputs of labor or existing technology and by a 
pressing need for such an increase. Diversification and specialization of production will
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be considered potential forms of intensification whether this is accomplished by 
introducing new components to production systems or disproportionately emphasizing 
existing ones.
This study also assumes that more than one cause is likely to have contributed to 
suspected increases in subsistence production, although some appear more compelling 
than others. As with most of the studies previously mentioned, examining the influence 
of social factors begins by drawing on the ethnography of the region as it has been 
applied to archaeological data. Given the current understanding of prehistoric trade and 
exchange networks in Western Melanesia, increasing demands on subsistence 
production are likely to be linked to the growth in intensity or complexity of these 
networks, particularly where they allowed relatively high population densities on small 
land bases (Allen 1977, 1985, Irwin 1985). If current interpretations are correct and 
apply to Manus, then these trends may have sometime occurred over the last 2,000 years 
and are thus more likely to represent the late prehistory of the region. The sizes of the 
resource base being exploited in both study areas suggests that population growth and 
environmental constraints are nearly undeniable candidates for explaining some phase of 
production intensification.
Dryland Agricultural Modifications
Although stone walls, mounds and terraces are probably among the more common 
forms of durable landscape modifications in the Pacific, their study as a form of 
intensification has been largely overshadowed by the higher theoretical profile of 
irrigation (Brookfield 1984) In fact, Brookfield essentially overlooks the abundance of 
agricultural features in stone in a 1986 review in which he states that “the surviving 
evidence of prehistoric dryland systems is extremely limited” (Brookfield 1986:177). 
What is known about their distribution and abundance in the Pacific can be attributed 
primarily to the wide-spread adoption of what is called landscape archaeology or 
settlement pattern studies beginning as early as the 1950’s and to the rise of contract or 
public archaeology from the late 1960’s (Golson 1957:64-66; Groube 1967; Green 
1967, 1970, 1984; Bellwood 1972, 1979; Kirch 1982a:78-81; Craib 1983:925; Davidson 
1988:90; Hunter-Anderson and Graves 1990; Weisler and Kirch 1985). The settlement 
pattern approach primarily focused on the spatial distribution of archaeological sites 
within their ecological context, not only to demonstrate relations between human groups 
and their environment, but to allow “the systematic study of the economic, social, and 
political organization of ancient societies” (Trigger 1989:284). This was important to 
the study of stone remains and intensification because it considered the totality of the 
field evidence, including numerous and sometimes unimpressive agricultural features 
that had previously been ignored or under-represented in archaeological studies. 
Questions important to understanding intensification, such as population increase as 
traced through the number of residential features or the identification of environmental 
limitations, were also easily accommodated by the broader research aims of the 
settlement pattern approach. As contract studies must initially locate and describe all 
cultural features in a given area, most also adopted this emphasis on spatial patterns and 
the research goals set by settlement pattern studies. Many, therefore, document and 
discuss the full spectrum of cultural features present, including stone agricultural 
remains where they exist (Hommon 1969; Clark and Kirch 1983 and Schilt 1984).
While a full evaluation of this growing record is premature, these studies are sufficient to 
demonstrate that dryland agricultural features are widespread and should be considered
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a significant component of the Pacific archaeological record.4
When the attributes, function and development of dryland complexes have been 
explored, they are generally ranked relatively low on the scale of intensification and 
attention has focused primarily on their ability to retain soil in response to erosion, to 
increase yields through soil clearance and to mark field boundaries (Brookfield with Hart 
1971:106, 107; Yen 1976; Turner and Doolittle 1978; Kirch 1984). In considering 
“stone walls” in the “class of works” which “create capital for the further maintenance of 
land capability” (Blaikie and Brookfield 1987:9-10), Brookfield emphasizes their 
technological function of managing “a particular soil on a particular site, subject to 
particular forces of degradation” (Brookfield 1986:177). These particulars, he argues, 
contribute to a greater diversity in dryland systems which makes identifying “empirical 
regularities” in their potential intensification more difficult. This contrasts with the 
higher degree of regularity expected in wetland complexes where the physics and 
mechanics o f managing water flow are fundamentally similar and empirical regularities 
should be more apparent. In his discussion of walled fields in the Eastern Solomons,
Yen notes their “conservation value” in retaining soil and that, in terms of 
intensification, clearing stones for their construction “implies some increase of yield and 
work expenditure on a per unit basis” (Yen 1973a: 124; 1973b:78, 1976:63, 64). 
However, he places far greater emphasis on the social consequences of bounded, 
permanent fields. By conferring a degree of permanence in a swidden regime, the walls 
formalize the definition of territory and ownership “to the level of group or individual” 
(Yen 1973a: 124; 1976:71). Also, this “inflexibility of field placement” reduces the 
“more open decision and action routine” generally found in the selection of shifting 
cultivation plots and thereby essentially restricts “individual mobility in swidden 
rotation” (Yen 1973a:124; 1976:64, 71).
This theme of increasing permanence was explicitly taken several steps further by Kirch 
in his interpretation of the extensive dryland fields systems of Hawaii where he equates 
structurally defined field boundaries with a reduction in fallow length (1984:181-192, 
1985a; 1985b:224-231). In one extensive system covering at least 57 square kilometers, 
“a grid pattern of rectangular field units was created by low stone and/or earthen” field 
borders that contour the slope and by stone-lined trails that run perpendicular to these 
borders (Kirch 1984:184). In another area, stone walls form an expansive pattern “of 
narrow and greatly elongated rectangles oriented on an axis” of the slope (Kirch 
1984:186, citing Soehren and Newman 1968). These Kirch depicts as representing an 
“overall trend in intensification” from “an extensive form of shifting cultivation to an 
increasingly formalized system of permanently defined fields”, a trend that probably saw 
a “reduction in fallow length” as the “fields became more formalized”. He stops short, 
however, of saying that this trend ended in permanent cropping and the elimination of 
fallow periods. The physical remains of these systems are also taken to represent an 
“increase in labor input per unit area” and reflect “attempts at delineation of plots as the
4 Despite the growth of these studies over the last 20 years, the potential for major syntheses and the 
opportunity for substantive comparisons among regions remains poorly realized for most site types 
(Green 1984: Davidson 1988: Hunter-Anderson and Graves 1990). Accessibility of survey results is 
limited because most are unpublished and poorly distributed. Published results are often general or 
interpretive and they frequently lack sufficient detail for specific comparisons. Despite the presence of 
dryland agricultural features, many focus more on residential features and settlement distributions 
(Green 1980. Jennings, Holmer and Jackmond 1982: Davidson 1988: Masse. Snyder and Gumerman 
1984).
Introduction 17
systems became increasingly permanent and formalized” (Kirch 1984:189).
Ethnohistoric evidence indicates that mulching and the development of an arboricultural 
component could have been additional signs of intensified production in these systems.
This thesis shares the major limitation of studies examining the development of dryland 
agricultural fields and those emphasizing spatial analysis. Establishing the age or relative 
chronology of features spread across the landscape is often difficult and, given the 
dominance of surface remains recorded during surveys, this record is generally biased 
towards the recent past (Bellwood 1979:308-309). In agricultural complexes, finding 
suitable charcoal for radiocarbon dating is complicated by tilling of the soil and 
harvesting of crops which continually mixes charcoal-bearing deposits. Charcoal 
retrieved within this context can represent a range of events occurring before or after the 
construction of walls, mounds or terraces may produce widely ranging dates or age 
reversals (Allen 1992:48-49). More frequently the ages of agricultural features are 
inferred from their association with other feature types or traceable events. Associated 
habitation features can be dated with more confidence if they contain fire hearths which 
clearly represent human use (Rosendahl 1972, Kirch 1984:184-185) and volcanic ash 
falls or massive erosion effectively bracket periods of development if the deposits 
created by such rapid or catastrophic events cover or underlie relict field systems 
(Golson 1982, 1985; Spriggs 1985). Deciphering the degree to which an array of 
features or feature types are contemporaneous is also problematic, particularly if 
pronounced architectural typologies are not distinct. In some cases, development 
sequences have been indicated by the clear superimposition of some field system 
elements over others or their structural similarity to other feature types (Jennings,
Holmer and Jackmond 1982, Collis, Gilbertson, Hayes and Samsom 1984). For 
example, Kirch was able to suggest relative construction sequences through a pattern 
analysis of a mapped field system in Hawaii. Using units defined by walled field borders 
and trails, he identified three development phases which demonstrated a “breakup of 
originally intensive field units into successively smaller parcels” and “the division of one 
trail-defined unit into two, and later three, sub-units” (Kirch 1984:185).
Walled Agricultural Features in Western Melanesia
The character and distribution of agricultural features in stone in Western Melanesia is 
poorly understood although enough examples are known, suggesting that many others 
may still be undocumented This paucity of data is due, in part, to the relatively few 
surveys undertaken in the region, particularly settlement pattern and compliance surveys 
(Green 1984:63, 64). The most thoroughly addressed examples are in the Solomon 
Islands (Yen 1976), including walled garden enclosures on Santa Ana and Ulawa and 
non-irrigated terraces on Anuta and Ulawa. The terraces on Ulawa were “interpreted as 
slope-holding devices” (Hendren 1976:154), while on Anuta, they “control erosion” and 
“define garden lots” (Yen 1973a: 117, 122, 124; 1976). During a brief reconnaissance of 
New Ireland, Yen also noted “that much of the (now) forest was divided by stone 
walling” which could indicate “territorial marking” and there were some wall features 
whose extension into gullies suggested the possibility of “rudimentary irrigation 
dependent on rainfall” (Allen et a/. 1984:21).
Even Reisenfeld’s exhaustive literature review of stone constructions in Melanesia 
identifies only nine examples in which stone walls enclose non-irrigated gardens and not 
all of these have been confirmed. In addition to examples in Manus, he reports
Introduction 18
agricultural walls on Tanna in the New Hebridies; Santa Cruz, Santa Ana and Ulawa in 
the Solomons; Lihir in New Ireland; Sulka in New Britain; and the Trobriand Islands 
(Reisenfeld 1950:73, 123, 154, 161, 254, 267, 284). In most of these cases, he assumes 
that excluding pigs was the reason for their construction. His major argument, however, 
that migrating populations introduced megalithic stone-work to Melanesia, did not 
emphasize agricultural features, so most of his discussions focus on other forms of 
stone-work such as enclosed house sites or villages, various kinds of religious features, 
burial sites, dance circles and fortifications. Eventually, a correlation may be established 
between these other feature types and dryland agricultural features simply because both 
indicate the availability of stone.
The walled complexes reported from Ulawa and Santa Ana Islands in the Solomons 
most resemble those on Baluan. On Ulawa, Hendren (1976) reported the widespread 
occurrence of adjoining stone-walled enclosures, five of which he examined in some 
detail. One complex of 35 enclosures covered at least two hectares and most were 
“roughly rectangular” in shape with “sharply curving corners” (Hendren 1976:154). In 
the interior of Santa Ana, Yen describes a “series of walled garden” that form “discrete 
bocks [s/c] of rectangular gardens, which in cultivation, are subdivided into family plots” 
(Yen 1976:64). He notes that the walls are more substantial than those of Ulawa and in 
some cases served as “walkways connecting different parts of the complex garden 
networks” (Yen 1976:64). Swadling (1976:126, Fig. 34) mapped a coastal village site 
in Santa Ana which included roughly rectangular areas delineated by stone walls and 
alignments. These, she argues, were probably field enclosures used in cultivating tree 
and garden crops. She also suggests that, given the “low carrying capacity of the soils”, 
a “trade and contact” network, and not just intensified agriculture, would be needed to 
sustain what was considered the relatively high population densities of Santa Ana 
(Swadling 1976:132).
Walled Fish Traps
Walled fish traps are widely distributed throughout Oceania and even a cursory survey 
of the Pacific literature demonstrates that it is far harder to find an island group without 
walled traps than with them. They are particularly common in Micronesia where they 
have been noted in Yap (Muller 1917:76-77; Hunter-Anderson 1981, 1982; Cordy 
1982), Palau (Kramer 1926:80-81; Johannas 1981:15; Masse 1986), Kusaie (Sarfert 
1919:109-110,113), Ponape (Hambruch and Eilers 1936:331; Serverence 1979:135-141, 
Ayers and Haun 1990), the Central Carolines (Burrows and Spiro 1953:108), Truk 
(Kramer 1932:143; LeBar 1964:79; Goodenough 1951:41,72), the Marianas 
(Thompson 1945:33), Nukumanu (Sarfet and Damm 1929:124), Kapingamarangi (Buck 
1950:267), the Gilberts (Catala 1957:131; Luomala 1980; Drews 1945; Koch 1986) and 
the Marshalls (Spoehr 1949:62-63; Kramer and Nevermann 1938:122-123; Dye 
1987:304-305; Rosendahl 1987:46-48; Riley 1987:187). In eastern Oceania they are 
equally well distributed, occurring in Hawaii (Stokes 1909), Tahiti (Handy 1932:91-97; 
Emory 1933:45, 120-121), the Tuamotus (Emory 1934:23-27, 1939:17, 52, 59; 
1975:196; Buck 1938:30,300), the Cook Islands (Buck 1932:159; 1944:217-218; 
Beaglehole and Beaglehole 1938:56-57, 159; Emory 1939:17; Gold 1956:363-364), 
Samoa (Buck 1930:444-446; Hirsch 1958:293-294), Futuna (Burrows 1936:146), New 
Zealand (Best 1902;70; Downes 1917), Fiji (Thompson 1940:135-136; Bigay and Bigay
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1981:99, Plate 59) and New Caledonia (Reisenfeld 1950:524).5 As with the distribution 
of dryland agricultural features, records of walled traps in Western Melanesia are far 
fewer but sufficient to suggest that they were probably widely distributed. Reisenfeld 
notes their presence in the New Hebrides; Tikopia, Santa Cruz, San Cristobal in the 
Solomons; Nissan Island; Lesu in New Ireland; Mussau; southern New Britain; the 
Astrolabe Bay District of mainland New Guinea; and Mailu on the south Papuan coast 
(Reisenfeld 1950:524) More recently, examples have been noted on Ontang Java 
(Bayliss-Smith 1990), Vanikoro (Kirch 1983) and Anuta (Kirch 1979:295). If Australia 
is included, the list encompasses various sites along the western, northern and eastern 
coasts of the continent, Tasmania and inland lakes and waterways (Stockton 1982, 
Walters 1985).
Despite this wide distribution, the extensive complexes of walled traps found in Manus, 
with their high numbers of individual traps, are exceptional. The only remotely similar 
walled traps are those described in Yap by Hunter-Anderson (1981:85), which formed 
“a continuous series along the crest pavement” from the edge of the reef crest to a 
particular inlet. Most descriptions of walled traps listed above are brief as they were 
recorded during reviews of material culture, ethnographic field work or early surveys of 
stone remains. They give only a general indication of trap shapes and sizes, their relative 
positions on reefs or in estuarine settings and the conditions in which they function.
They do, however, suggest strong similarities in shape and operation of most traps as 
well as a high degree of variation in the complexity or elaboration of some common 
elements. Similarities probably reflect a common reliance on tidal or current flows and 
fish behavior. Most function with falling tides or particular currents and are placed 
along routes frequented by fish as they move from one environment to another through 
channels or passages. Sometimes, large groups of people drive fish toward the traps. 
Known trap locations include river mouths, entrances to embayments; abutting 
shorelines or mangrove stands; the edge of fringing reefs; and, most frequently, lagoonal 
and seaward portions of reef flats. Although some authors note their use throughout the 
year, others indicate particular times when conditions are favorable. Social factors 
controlling trap construction and use, as well as catch distribution, are far less clear. 
More times than not, ownership and maintenance responsibilities are associated, broadly, 
with family households, although some reports allude to control by high ranking 
individuals or broader community efforts in areas where the social and economic 
structure of the community are stratified.
The majority of walled traps recorded can be reduced to one of two basic forms. The 
most common is composed of one or two extended walls that guide or funnel fish 
towards an enclosure. In these, the greatest variability occurs in the shape, construction 
and complexity of the enclosures, most of which are arrow-shaped or heart-shaped. 
Many enclosures have multiple chambers, linking corridors or may be partially 
constructed of basketry. The second major form is rectangular or rounded traps which 
are generally bound on three side with the open side facing the adjoining shoreline.
Traps near the shore are often made of stone, while those on the reef flat are built with 
coral rubble. When noted, which is infrequently, wall width and height varied 
considerably but rarely exceeded 1.5 meters in either measurement. Those traps 
constructed of stones or large blocks of coral and located in areas less susceptible to 
disturbance by wave action or currents were described as permanent features of the reef.
5 Also see overviews by Reinman (1967) and Kikuchi (1973).
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Others constructed of loose coral rubble and located in more turbulent settings were 
noted as needing repeated repair.
In the recent literature, only two cases address the prehistoric implications of walled 
traps and, in both, they are taken as possible indicators of intensified production. In 
Yap, Hunter-Anderson (1981) describes four types of walled traps once used on the 
reefs surrounding Map Island. These include “arrow” traps, “V-shaped lagoon” traps, 
“V-shaped reef-crest” traps and “rectangular surround” traps (Hunter-Anderson 
1981:81, 85, 87). Of these, informants could only recount the construction and use of 
the arrow traps. In terms of labor requirements, she depicts them as very large facilities 
that needed “a considerable outlay of labor and material” and continual upkeep as “tidal 
currents and storms” reduced wall heights and weakened the integrity of the structure 
(Hunter-Anderson 1981:85). For yields Hunter-Anderson could state only that they 
were great for well-placed traps. She also raises the possibility that these traps 
compensated, in part, for a decline in fish numbers accompanying the destruction of the 
reef when large quantities of coral were removed to construct substantial features within 
large settlements.
In a broader argument, however, Hunter-Anderson links the development of walled 
traps to population growth, agricultural intensification, increasing complexity in 
sociopolitical organization and shifts in settlement patterns. High population densities 
resulted in a shift from mixed gardens to intensive wet and dryland forms, most of which 
required considerable increases in labor investment. This triggered changes in 
sociopolitical organization and the complexity of settlements, both of which also 
demanded higher labor inputs due to large construction projects and preparations for 
ceremonial exchanges. Within these circumstances, the considerable labor needed to 
construct and maintain the walled traps appeared relatively non-intensive and 
advantageous because they were “passive, stationary facilities” that could “intercept and 
concentrate fish with a minimum of human interference” (Hunter-Anderson 1981:88). 
Thus, she concludes, the walled traps developed as a means of relieving scheduling 
conflicts between fishing and other more demanding pursuits. Without dates for trap 
construction, however, she admits that verification of this explanation would have to 
wait.
The other case is that of the Australian walled traps which some argue are one 
manifestation of intensified production in Holocene hunter-gather societies. As with the 
Yap example, the larger argument goes well beyond the walled traps and involves 
questions of hypothesized population increase, trends toward sedentism and the 
expansion of ceremonial cycles or inter-group contacts (Lourandos 1983; Godwin 
1988:149; Walters 1989). Proponents argue that new technologies, resource strategies 
and means of processing foods allowed the productive capacity of an area to be 
increased significantly while reducing immediate labor requirements for subsistence. In 
discussions of the means by which hunter-gatherers could achieve greater yields, 
attention is directed to the efficiency with which they could control the environment, 
stabilize and regulate potential yields and manage the regeneration of resources 
(Lourandos 1983; Walters 1986). Walled traps are viewed as one of the technological 
innovations that helped achieve these ends and, because they were durable 
modifications, they are seen as one means of testing the hypothesized Holocene 
‘intensification’ archaeologically.
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The association between walled traps and high concentrations of people, either over 
extended periods or temporarily for ceremonial events, has been a contentious issue.
The initial rationale was that “labor investments in such facilities could only be justified 
if large numbers of people were available to partake of the abundance of the resources 
produced” (Godwin 1988:56). However, the correspondence between traps and 
ethnohistorically identified locations of higher populations, ‘villages’ or frequented 
ceremonial sites is mixed. Godwin (1988) argues, in fact, that traps are just as likely to 
be in areas inhabited, consistently, by smaller groups. Meehan’s observations in Arnhem 
Land depict traps as being located near ‘dinner camps’ instead of large campsites or 
those at which ceremonial exchanges occurred, suggesting to Walters that the immediate 
association of traps with large campsites may not be as important as their contribution to 
the broader subsistence needs of high populations in a region (Meehan 1982: 31-32, 
113-114; Walters 1986:97).
The attribute receiving the most attention, however, is the inferred efficiency of walled 
traps. They are repeatedly depicted as ‘facilities’ or long-term capital investments that 
are capable of concentrating resources for capture with minimal effort (Campbell 1978; 
Smith 1983; Walters 1985; Godwin 1988). Both Walters and Campbell (1982) also 
argue that these facilities “increase the productive capacity of the environment” (Walters 
1985:103), not only in increasing the number of fish caught but in providing favorable 
habitats for oysters and the expansion of mangrove stands (Campbell 1982:102; Smith 
1983).6 The initial claim that trap construction and maintenance required high levels of 
labor and organization (Campbell 1978:129, Godwin 1988:56) has been countered by 
Stockton (1982:109), Smith (1983) and Walters (1986:105). Although referring to an 
example built by European settlers, an informant recalled that “a group of six youths” 
could complete “construction of a trap in one low tide” and that maintenance was 
required only after violent storms (Stockton 1982.109). In Western Australia, Smith 
observed a trap being rebuilt in six man-hours. Most authors agree, however, that trap 
yields could be high but speak of yields only in broad terms or admit that quantified 
estimates would be difficult to obtain. Campbell states that “well tended and carefully 
tended traps would secure huge catches” (Campbell 1978:129-130), while Meehan 
(1982:36, 99) refers to the “large hauls” from fish traps on two occasions. Although 
few specifically address the frequency of trap use or their reliability, some periodicity is 
usually implied.
As with the example from Yap, determining the antiquity of the Australian walled traps 
and chronologically linking them with developments thought to be of theoretical 
importance proved problematic. In all cases, directly dating these traps was impossible 
and, in the cases of Tasmania, northern New South Wales and Queenslands, it was even 
uncertain if some are of aboriginal or post-contact origin (Stockton 1982:109; Godwin 
1988; Walters 1985). Analyses by Campbell (1982) and Head (1989) address the 
question systematically. In a complex of traps in Queensland, Campbell argues that 
relative ages and development sequences can be deduced from evidence gathered from 
aerial photographs and field checks. Three broad age groups, which he labels youngest,
6 In contrast, the development of Hawaiian fishponds represented a clear example of altering and 
controlling the environment to dramatically increase yields. Their impressive number (up to 449 
recorded) and large size have been depicted as going beyond the “level of exploitation of natural 
populations" and represer t-ng true aquaculture in that fish were raised and stored in a controlled 
environment (Kirch 1984 0). With this level of control, it is easily argued that yields could be
managed and therefore increased.
Introduction 22
partly older and oldest, were defined by structural integrity, location relative to low 
water levels of today and the superimposition of some walls over others. Head analyzed 
sediment and pollen histories near Lake Condah, Victoria, over the last 8,000 years and 
correlated potential water levels with trap elevations along the swamp’s edge. She 
cautiously concludes that water was present in the area over the last 8,000 years but that 
traps, especially those at higher elevations, could operate only during flooding. The 
frequency of use may have increased after 4,000 and again after 2,000 years ago. She 
has no direct evidence that the traps were actually present during these periods.
In the Micronesian and Australian examples explored, labor saved and the efficiency of 
the walled traps is given more significance than labor spent in construction, use or 
maintenance. This is not only because walled traps represented labor-saving capital 
investments, but that they operated independently of human effort. In both cases, walled 
traps were only one indication of a hypothesized intensification occurring in agricultural 
production in the one instance and in hunter-gatherer subsistence in the other. These 
studies of intensified production in fishing also point to several other issues. Variables 
fundamental to discussions of agricultural production, such as yields, labor and capital 
investment, are essentially applied by analogy. Yields are taken as the number of fish 
caught, but none of these studies could specifically assess yields from the walled traps 
nor measure an increase in catch per unit area. This is, in part, the result of having to 
assess a product that is not stationary but roams beyond the area in which the method is 
used. The uncertain aspects of fish behavior add higher levels of chance to this form of 
production and a fish not caught by one method may contribute to the yields of another. 
Frequency of use is also important although none of these authors addresses it 
specifically as being analogous to reducing fallow periods in shifting cultivation.
Perhaps the most illusive element of intensified production in these discussions is the 
degree to which the structural facilities can control or alter the environmental context of 
fishing and therefore have the capacity to significantly increase production. In both 
discussions, the process of concentrating production is essentially equated with that of 
increasing production
Ethnographic Advantage
The collection and incorporation of ethnographic information and field observations to 
address issues of intensified production are a major component of this study. Although 
the use of ethnographic material to interpret archaeological data has been a source of 
contention, many still believe, and the author agrees, that the benefits of using such 
information far outweigh the risks and limitations7 The approach followed here
7 The theoretical debate over the validity of using ethnographic information to interpret archaeological 
data remains at an impasse. Although ethnographic analogy has existed over a hundred years, its use 
became increasing contentious in the last two decades as many attempted to create a body of theory 
capable of rigorously inferring human behavior from the limited and often disturbed clues evident in the 
archaeological record (Trigger 1989:124,358-369). Critics claim that ethnographic observations can 
not independently verify conclusions because researchers presuppose their validity when the 
ethographically-derived variables are chosen to formulate testable hypothesis or correlates to 
archaeological record. Some believe that the approach introduces an unnecessary bias as it can limit 
consideration of alternative explanations. These risks increase when data are applied to the remote past 
or to different regions of the world where there are no demonstrated historical connections. Others 
reject ethnographic analog}’ entirely because the “archaeological record must be understood on its own 
terms” (Trigger 1989:366) and not by incorporating information derived from other forms of inquiry or 
scholarly disciplines. Proponents claim that critics have not shown how human behavior can be
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essentially conforms with other studies of the prehistory of intensified production and 
related issues in the Pacific (Kirch 1978; Spriggs 1981; Golson 1982; Ayers and Haun 
1990). Throughout the 1970’s and 1980’s, the opportunity to incorporate 
ehtnographically-derived data was compelling as many Pacific island economies 
remained at subsistence levels and, to varying degrees, extant methods of agriculture and 
fishing retained many technological and social elements which could, very broadly, be 
considered traditional. The observations most frequently made included yields at 
harvest, the average length of fallow periods, sequential crop rotation, distribution and 
control of water in irrigation ditches, the amount of labor invested in garden tasks from 
preparing a garden through harvest and the types and numbers of fish caught during 
fishing expeditions (Kirch and Dye 1979; Spriggs 1981; Dye 1983; Kirch and Dye 1979 
and Bayliss-Smith 1990). Despite the addition of new crops and the use of modem 
materials in fishing gear, a level of historical continuity was argued when observations of 
subsistence resembled those described in early European accounts of island life or in the 
formative anthropological studies conducted in the region. In some areas researchers 
could also draw on a rich literature of historic and anthropological accounts to construct 
or supplement their interpretations and to trace the degree of continuity or change in a 
production systems over a broader time period (Kirch 1984; 1985b; Spriggs 1985).
This perspective has proven valuable, if not essential, in the study of intensified 
production. As previously discussed, a major problem facing archaeologists applying 
these theories is so few of the significant measures or indications of intensification can 
be inferred directly from the archaeological record. Inferences inevitably rely on 
analogies drawn from observed or ethnographically documented examples. This is true 
not only of human factors such as labor requirements, skills and equipment use, but of 
the important biological components that constitute yields and which, in the case of 
plants more than fish, leave few clues in the archaeological record (Yen 1988). The 
need for archaeologists to collect their own information has also received greater 
recognition as it becomes apparent that anthropologists and geographers, with their own 
research priorities, often do not record what is important for answering archaeological 
questions. In the case of Australia, Meehan and Jones (1988: viii) note that “most of the 
ethnography carried out over the past 25 years into ecological and material culture 
aspects of Aboriginal hunter-gatherer life has been carried out, not by straight 
anthropologists, but by archaeologists or those anthropologists heavily influenced by an 
undergraduate archaeological training”.
In the study that follows, an additional advantage of this approach is the assumption that 
the walled features developed in the broadly defined late prehistory of Manus. This 
raises the probability that observed or reconstructed aspects of subsistence production 
were present, in some form, when this archaeological record was being created and 
lessens risks inherent in applying data of recent origin to increasingly unknown
inferred from the often limited and biased archaeology record without the use of analogy nor have they 
“succeeded in producing a credible alternative” (Trigger 1989:366). While concurring that the use of 
ethnographic data should be well-argued and alternative explanations thoroughly explored, they 
contend that ethnographically-derived models are crucial in overcoming ethnocentrism on the part of 
the researcher and suggest alternatives that would not have been devised otherwise. Often the choice of 
the ethnographic analogy is questioned with archaeologists being criticized for eclectically selecting, 
without due caution, information that supports already formulated hypothesizes (Meehan and Jones 
1988).
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circumstances of the distant past. Despite these numerous advantages, it was clear even 
in the initial stages of field work that subsistence production had changed substantially, 
particularly over the last 40 years, and that quantifying variables such as crop yields, the 
number and kinds of fish caught by particular fishing methods or labor investments was 
unlikely to result in figures that reliably reflected past production. At best, they would 
provide very broad and highly qualified measures of production. Given these problems 
and the time consuming nature of collecting such data, available field time was devoted 
instead to documenting the archaeological record. Potentially significant variables were 
assessed in a qualitative manner that relied on estimates derived primarily from 
informant depictions and their perceptions of relative yields, catch rates or labor 
requirements. Despite the limitations of this approach, the assessments presented in the 
following chapters are probably less suspect than quantified estimates based on a highly 
transformed production system. The broad characterizations that result may, if 
anything, be more appropriate given the level of generalization that is necessary in 
archaeological analysis and interpretation. The reliability of the characterizations is 
discussed individually for each circumstance or variable when it is discussed in the 
following chapters.
General Research Goals
Outlined below are those general research goals that were addressed equally in 
examining what intensified production might mean in the walled gardens of Baluan and 
the walled fish traps of Andra. The results of these inquiries form the primary basis for 
arguing which factors or sets of circumstances could have contributed significantly to 
the development of these complexes as they are observed and can be understood today. 
In advancing the research goals, however, it became apparent that different parameters 
had to be defined to accommodate the specific and often contrasting circumstances of 
the two study areas. In the case of Baluan, the walled agricultural complexes cover 
nearly the entire island. They are thoroughly integrated with the landscape and represent 
the primary means of subsistence production. As such, assessing their development 
conforms more readily with conventional approaches that define context as the entire 
landscape, including a range of other activities also integrated with that landscape. In 
contrast, use of the walled fish traps is only one of 28 documented fishing methods that 
constitute the primary subsistence activity of the community and they exploit only one 
segment of the reef. As such, the walled traps represent, potentially, only one 
component in the overall intensification of fishing. Their study, therefore, focuses on 
understanding the role of the traps within the entire spectrum of fishing methods and 
marine environments used. Assessing the productivity of one method alone is difficult 
when the product, fish, are highly mobile and can be caught by more than one method. 
Thus yields, labor requirements, degree of capital investment and the spatial distribution 
of all traditional fishing methods must be considered. Also, given the small size of the 
sand cay, the separation between land-based and marine activities is clearly defined and, 
unlike Baluan, land-base activities are not directly integrated with those of primary 
subsistence.
1. The primary and most fundamental question is whether or not the extensive
complexes of walled structures truly represent, as is often assumed, the process of 
intensification or is the term simply a “surrogate” for “durable modifications of the 
landscape” (Brookfield 1986:178). This is addressed by examining the degree to 
which the construction and use of the walled features effectively influenced yields and
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labor requirements, both routinely and over sustained periods as would be expected 
of capital investments. The thorough documentation of past and present forms of 
intensification has been called the most basic and on-going task in understanding this 
process (Brookfield 1972:31). On Baluan, this effort means describing the walled 
field systems and agricultural production as well as the pronounced arboricultural 
component that could also be considered a form of intensified production (Yen 1974, 
1976). On Andra, not only are the walled traps described, but so are the other 27 
known fishing methods that, together, represent the major subsistence pursuit of the 
island.
2. As emphasized in the literature, multiple phases of development, if not intensification, 
are likely to be present in the two examples studied. In both, attempts are made to 
isolate and deduce developmental sequences through the analyses of the walled 
complexes. On Baluan, the analysis examines 18 complexes encompassing 736 
walled enclosures and attempts to evaluate in quantitative terms alternative 
explanations for their chronological and spatial development. In part, this analysis 
parallels Kirch’s systematic deconstruction of expansive walled field systems in 
Hawaii (Kirch 1984:185). For the walled fish traps, 47 extant traps and 221 visible 
on the 1943 aerial photographs are examined for evidence, in their structure and 
positioning, which would suggest that some traps post-date others. This resembles 
the methodology used by Campbell (1982) in discussing the relative age of walled 
traps in Australia although the number of examples considered here is much greater.
In each case, the discussion addresses the initial innovation or introduction of the 
walled features in the production system, their expansion over relatively large areas; 
and the potential elaboration or intensified use of the complexes if production limits 
were reached or production pressures increased.
3. Significant environmental factors affecting production are defined and assessed in 
both cases with two primary goals in mind The first is how these factors could have 
favored the innovation of walled features and the form they eventually achieved. The 
second searches for possible indications that environmental conditions, at any point in 
the development of the walled complexes, imposed limitations on production or 
prompted a need to expand or increase production. This includes the possibility that 
the features were compensating for changes in the environment that may or may not 
have resulted from human use of the landscape or marine environments.
4. As both examples form extensive and nearly continuous complexes, the possibility 
exists that organizational patterns can be identified within the complexes and, if so, 
that broadly defined aspects of social or economic organization can be inferred. If 
such correlations are convincing, there could be a basis for arguing that these inferred 
social factors influenced the development of the walled complexes or are more likely 
to have done so than other factors. The success of these inferences depends largely 
on the degree to which corroborating evidence can be identified and argued.
5. Although the walled complexes of the two islands differ greatly in form, function and 
environmental setting, they will be compared in order to assess the degree to which 
their attributes and development appear similar. Similarities could suggest that 
factors influencing subsistence production were wide spread in the late prehistory of 
Manus and were of sufficient prominence to influence developments in varying 
environmental and economic circumstances. Alternatively, few or only weak
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similarities could indicate that developments occurred independently and reflected 
localized circumstances. Such a result would lessen the probability that the 
archipelago, as a whole, was effectively and economically integrated.
6. The thorough documentation and analysis of the walled complexes will, it is hoped, 
provide a solid basis from which comparisons can someday be made with those 
documented in other parts of the Pacific. Until the prehistory of stone constructions 
and associated site types have been studied in greater detail in island groups within 
Melanesia, comparisons will have to draw more heavily on results from other regions 
of the Pacific. In the case of the walled fish traps, so few studies exist with which 
comparisons can be made, discussions are more likely to focus on the broader issue 
of what intensification means in marine environments. Effective comparisons may 
only be possible once the parameters for addressing marine intensification are better 
appreciated.
Overview of Thesis Organization
Before discussing the walled complexes themselves, Chapter 2 presents a brief overview 
of the islands of Andra and Baluan including their environment, history and general 
information on subsistence information which, although important, does not relate 
directly to the discussions of the walled features presented in subsequent chapters. The 
chapter ends with descriptions of field methods used in both studies.
Chapters 3 through 5 deal with the collection and analysis of information on the walled 
agricultural complexes of Baluan. Chapter 3 discusses the environmental and social 
factors that can influence agricultural production and intensify it. Adopting approaches 
common to settlement pattern or spatial analysis, social factors are addressed through 
the distribution of settlements, territorial boundaries and trail systems. Chapter 4 deals 
with ethnographic information collected in the field about agricultural production, 
including the prominent role of fruit and nut trees. The systematic analysis of the walled 
complexes presented in Chapter 5 seeks to identify and interpret developmental 
sequences that could represent a process of increasing production needs.
Chapters 6 and 8 are devoted to the description and assessment of the 28 known fishing 
methods of Andra. In Chapter 6, the walled fish traps are described in terms of their 
structure, function and proposed development while Chapter 7 describes the other 27 
fishing methods and the marine environments that influence their operation. Chapter 8 
presents a comparative analysis of the diversity of fish caught by all methods, primarily 
as a means of measuring potential yields.
The conclusions, Chapter 9, return specifically to the questions of intensified production 
posed previously and explore the degree to which the two sets of walled complexes 
represent this process. This includes a discussion of their hypothesized development and 
the extent to which the changes represent parallel or differing developments.
Chapter 2
The Islands of Baluan and Andra
This chapter provides a brief introduction to the two islands whose walled complexes 
are examined in the subsequent chapters. Reviewed are their environments, history and 
economy. Emphasized are those aspects of subsistence production which are not 
addressed in subsequent chapters because they do not pertain directly to agricultural 
production or fishing. For Andra, this includes a discussion of the important trade and 
exchange networks that were of fundamental importance to their subsistence economy 
and a summary of known settlements and territorial divisions that set the social 
landscape for the development of the walled fish traps.
Baluan Island
The island of Baluan lies at the southeastern-most extent of the Manus archipelago, 
approximately 32 km from the main Manus island. With the neighboring islands of Lou, 
Pam and Sivisa, it forms a cluster of islands, all of volcanic origin, with whom the 
Baluan people were strongly linked by marriage, kinship and similar language. The 
island, about 5.5 by 4 km, is a simple shield volcano with summit crater whose mostly 
gradual slopes reach a maximum elevation of 243 meters at the crater rim (Fig. 3). Most 
of the population today, placed at about 1,000 (Freyne and Bell 1982: Appendix IV), 
resides in a series of settlements stretching along the north coast of the island. The 
recent past of this small island has been marked by a series of events which have had 
significant consequences on the island’s use and have often obscured reconstruction of 
what could be called traditional past.
Environment
The inactive shield volcano of Baluan is composed of relatively thin lava flows and 
volcaniclastic material which have been classed as "mildly alkaline and transitional 
basalts" (Johnson, Smith and Taylor 1978:59) and formed sometime in the Quaternary 
(Johnson and Davis 1972). The gradual slope of the volcano is blanketed in deposits of 
pyroclastic ash fall which, when combined with the substrata of weathered lava flows, 
has produced a highly irregular ground surface dominated by an abundance of stone, 
numerous stone outcrops and pockets of rich, well drained volcanic ash soils. Reflecting 
the youth of the island, these slopes are only very weakly dissected by watercourses and 
these carry water only during very heavy or prolonged rains. Other volcanic landforms 
on the island are primarily pyroclastic cones or remnants of ones. This includes the 
ridge forming the northeastern point of the island, two small hills along the western 
coast and one at mid-elevation on the southwestern flank (Johnson and Davies 
1972:18). The two small islands lying immediately northeast of Baluan, called Takuman 
and Mouk, are composed of volcaniclastic material and may represent the remnants of 
former eruptive centers (Johnson and Davis 1972:18).
Except where being actively gardened or planted in coconuts, the Baluan slopes are 
covered in diverse and generally thick vegetation communities representing a wide range 
of secondary regrowth communities (Croft, 1983). The distribution of these 
successional stages of regrowth tend to reflect current landuse patterns, with plant 
communities located near the coastal settlements showing signs of more frequent and
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recent use. They are generally less advanced, have dense understories and are lower in 
stature. In areas farther from settlements or whose ownership has been disputed for a 
long period, tail-stature, closed canopy communities have developed The only non- 
forested regrowth communities are dense patches of bamboo that blanket areas along 
the outer rim of the crater and the southeastern flank of the island and tall grass 
formations that cover portions of the crater floor. Mangrove stands grow along several, 
relatively short stretches of coastline, but are not extensive enough to be floristically 
diverse. Given the high rainfall of the region and the rich soils, recolonization of 
abandoned gardens or any cleared areas occurs rapidly, leaving little opportunity for 
extensive erosion or the development of grasslands.
Nothing in the vegetation, topography of the island or in the morphology of the reefs 
suggest that the climate o f Baluan differs from that of Manus as a whole. Humidity and 
rainfall are high (3300 to 4000mm per year) and the island appears to be equally 
exposed to the two predominant winds, the southeast and the northwest trade winds. 
Baluan islanders themselves contrast their island with that of Lou, claiming that Lou was 
wetter and at least partially sheltered from the northwest trade winds by the mass of 
Manus Island. Their accounts of agricultural concerns frequently mention periods of 
drought but these did not appear to be strongly seasonal or cyclic.
Previous Archaeological Work
Previous archaeological work on Baluan consisted of a brief survey of the island in 1981 
by Kennedy and Ambrose during which pottery sherds and obsidian were collected from 
at least three open sites. This included the single decorated Lapita sherd recovered from 
a cleared garden near the northern rim of the crater (Kennedy 1982; McEldowney and 
Ballard 1991). At the time, this was only the second site in Manus found to have 
contained distinctly-decorated Lapita pottery, the Kohin Cave excavation by Kennedy 
being the first (Kennedy 1981b). A small test excavation was also dug in a small 
overhang on the flanks of the distinct ridge forming the northern point of the island but 
it yielded little (Site GHL, National Site Register Form). In 1987, survey and 
excavation on Mouk island directly off the north coast of Baluan produced seven 
decorated Lapita sherds (McEldowney and Ballard 1991). These and the sherd found 
on the crater rim indicate that Baluan was probably occupied by at least 3500 BP when 
obsidian was being exported from the neighboring islands of Lou and Pam to the farther 
reaches of Island Melanesia (Ambrose 1991). The recent linguistic treatment of Oceanic 
Austronesian languages by Ross (1988), recognizes the tendencies of previous studies of 
these highly diverse Manus languages (Smythe 1970; Schooling and Schooling 1980) to 
group the languages of Baluan, Lou, Penchal on the islands of Rambutchyo and Nauna 
as relatively distinct from the other languages of Manus. In proposing a genetic tree for 
the Admiralty Island cluster of languages, Ross went so far as to define this group as the 
South-Eastern Admiralty Network and gave it a separate and comparable status with all 
the other Manus languages in that they both branch from the Proto Eastern Admiralty 
Cluster. If true, this suggests not only strong and long-standing ties between these 
groups, particularly between Lou, Baluan and Pam, but that they may have been more 
autonomous than other interacting groups in Manus.
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Fig. 3 Topographic Map of Baluan with 1986-1987 Settlements and Tractor Roads
The Islands of Baluan and Andra 31
Subsistence
The subsistence base of Baluan conformed to that of many islands throughout Oceania 
with its reliance on the cultivation of root crops, fishing, animal husbandry, a limited 
amount of hunting and the gathering of secondary food sources. Particularly with its 
rich volcanic soil, the island was potentially self-sufficient assuming that the population 
remained at levels compatible with these resources and agricultural production. 
Informants portrayed their community as being able to supply itself with sufficient food 
and most construction materials. Major exceptions were the acquisition of processed 
sago starch (Metroxy/on sp .) in times of food shortages, sago leaf for house thatching 
and logs for large canoes. Most had to be obtained from villages on the Manus 
mainland where individuals had ties through kinship and long-standing arrangements 
with trading partners. The transfer of food between Baluan and the neighboring islands 
of Lou and Pam primarily occurred during ceremonial exchanges in which the 
contributions of food stuffs aimed at amassing impressive quantities of food or 
prestigious varieties of yam (Dioscorea alata) for display. Other products moving 
through the trade and exchange networks, such as crafted implements, wooden bowls or 
pottery, had little direct consequence on routine subsistence needs.
Next to agriculture, fishing and the gathering of marine mollusks provided the most 
significant contribution to the diet with fish representing the bulk of protein consumed. 
Based on a few very generalized descriptions, past fishing methods and gear, as well as 
jurisdiction over waters and equipment, resembled that found throughout coastal Manus 
and on Andra Island (Chapter 7). Of major importance were a number of larger nets of 
differing mesh sizes that were attached to wooden frames or suspended in the water 
between floats and weights to create barrier nets. Woven basket traps (pup) were 
submerged on the reef flat over a number of days, often with bait and in specific locales. 
Other methods involved casting with a hook and line, sometimes from a pole, and the 
use of spears (.souai), leaf sweeps (you) and fish poison (Derris elliptical). Temporary 
modification of the reef included construction of mounds of coral rubble to attract and 
concentrate smaller fish and circular enclosures to confine fish on a falling tide. The 
only permanent structures were rectangular stone enclosures constructed along the 
shoreline in which captured sea turtle were held, and sometimes reared, until a planned 
ceremonial exchange took place.
Fishing territories and use rights were an extension of the major territorial divisions on 
land (Chapter 3), the reef boundary extending in a straight line from the point where the 
land boundary met the shore. Use of the reef within these boundaries was restricted to 
those who resided in that territorial division or who had gained permission to use the 
reef through kinship. Apparently, reef areas within these boundaries were not 
subdivided as they were on land although some lineages had proprietary rights or control 
over certain types of fishing equipment or methods. A single lineage could have 
exclusive rights to a particular method throughout the entire island or just within its 
settlement grouping. These proprietary rights were applied more frequently to large 
nets and basket traps while use of other methods, such as fish poison, hook and line, 
spears and fish poison, were open to all within their territorial division.
Animal husbandry included the raising of pigs and dogs, pigs for their contribution to 
ceremonial exchanges and dogs for hunting. Reared pigs were clearly viewed as distinct 
from wild pigs in the bush and were fed daily within the walls of the settlements.
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Although these pigs could scavenge scraps from rubbish heaps at the edges of the 
settlements, they were primarily fed food prepared specifically for them, most of which 
would be fit for human consumption. Their role in ceremonial exchanges was not only 
stated explicitly, but was reiterated by example any time exchanges were described 
This was particularly clear when discussing the steps needed to plan and prepare 
exchanges because it could take several years to arrange the rearing of sufficient 
numbers of pigs. Domesticated dogs were used primarily to hunt wild pigs and the 
ground-dwelling bandicoot (Echymipera kalubu) (Kisokau 1974, 1980). If they were 
raised to supply teeth for the etched dog tooth ornaments that accompanied shell beads 
as a form of exchange payment, it was not emphasized by informants.
In addition to wild pig and bandicoot, the secondary growth vegetation communities 
also supported possum (Phalanger maculatus and P. orientalis), various pigeons and 
flying fox (Pteropus spp.) (Kisokau 1974, 1980). Hunting should take place within the 
major territorial division of the hunter but one could cross to another division if actively 
in pursuit of an animal. Wild pigs were hunted with long spears and dogs while catching 
possum required more skill and patience, first in locating the animals and then capturing 
them undetected. Although not an owned or exclusive right, some families were 
recognized as particularly skilled in capturing possum. Pigeons were prevalent 
throughout the bush but they were also hunted on small, uninhabited, off-shore islands 
where they were particularly plentiful. Flying fox could be hunted by anyone but only 
one lineage could use large nets to capture many at a time. Resembling a large-mesh 
fishing net and made from the same cordage, the net was strung across an opening in the 
canopy where flying fox were known to pass in the early morning and evening hours.
The lineage also had the ability to control, through ritual, the movement of the flying 
fox, which meant calling them into areas where they could be caught or sending them 
away when tree crops were fruiting.
The most highly managed of the non-domesticated resources were the nesting burrows 
of the megapode (Megapodius freycient), commonly called ground fowl or wild fowl 
(Kisokau 1974, 1980). On Baluan and Lou, the eggs of the megapode were prized food 
although they are now relatively rare on Baluan and the burrows receive much less 
attention. In 1928, Mead (1930:130) reported the eager trading of Baluan "mud hen 
eggs" for sago between the south coast Titan group and in 1947 Wooton (Conroy 
1947:37) noted that the "natives eat large quantities of wild fowl eggs, and built fences 
round the favorite nesting places of those birds to keep out dogs". In the recent past, 
the most actively tended burrows were those on the hill west of Perelik Village (cf. Fig 
11 and 14) although birds frequented less developed, localized pockets of deeper ash 
soil in the divisions of Manuai, Leut, Perelik and Parioi1. As many as 16 to 20 of these 
sizable eggs (approximately 7 by 4cm) could be collected from a single burrow at a time. 
Their distribution was not tied to thermally heated areas.
1 Burrows were owned by individual family groups who kept the burrow open and the soil within it 
loosened Large burrows resembled small caverns with a single, round opening, beneath which a large 
mound of loose soil was formed and maintained. The burrow could be up to 2m deep and 2 to 3m wide 
at its base and included a senes of recesses and underground cavities leading off the central mound. 
When preparing the burrow and collecting eggs, a major effort was made to repeatedly turn and loosen 
the soil, conditions which were thought to attract birds to the burrow in artificially high numbers.
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Recent History
By the 1870's, foreign traders in pearlshell and beche-de-mer were regularly frequenting 
Manus waters and presumably the people of Baluan participated in this trade as other 
groups did. Sometime during this period, and possibly as a result of these contacts, the 
dominant crop of Baluan, taro (Colocasia esculenta), was decimated by an infestation of 
a taro boring insect. This prompted a major shift in crop dominance from taro to yam 
{Dioscorea esculenta), a shift that has essentially persisted until today. As will be 
discussed in Chapter 4, the presence of this yam in Manus may also be attributed to 
external contacts developing over this period. Later than this event, probably sometime 
nearer the turn of the century, a segment of the Titan language group left the stilt-house 
settlements in Peri off the south coast of Manus and took up residence on the reef 
adjacent to Baluan and its small off shore islands. Eventually they settled off the island 
of Mouk (Fig. 3). This community, as did all Titan groups, specialized in fishing, had 
little or no land base and relied on trade and exchange networks for their starch staples 
and raw materials for many of life’s necessities. This was not the first group to depart 
from Peri and to have dispersed to other islands to the south of Manus. The Titan 
groups established off Tawi Island, located approximately mid-way along the south 
coast and Mbuke Island, farther south, had departed earlier than the Mouk group but 
still within the second half of the 1800's (Crocombe 1965: Appendix C).
Based on informant discussions, it is difficult to assess what influence this adjunct 
population had on the subsistence economy of Baluan but presumably there was some. 
These events occurred well within the range of oral histories and, if the consequences 
had been pronounced, some account would probably have been passed down. Any 
impact would probably have fluctuated as well, given that the stilt-house settlements 
moved among several locations and the size of the community continued to expand as 
lineages and clans from other Titian groups periodically joined them. For example, an 
account of Baluan in 1912 describes the island of Mouk as being uninhabited and that a 
village built on piles was located off Takuman, the island immediately to the east of 
Mouk (Cohn 1913; Nevermann 1934:53; Buhler 1935:31). By creating an external and 
immediate demand for Baluan's agricultural and land-based products, the Titan no doubt 
prompted an increase in agricultural production and gave Baluan indirect access to a 
wider range of trade goods. What is clear, is that this highly mobile fishing community 
was not dependent on Baluan as its sole trade and exchange partner. It routinely 
maintained ties with groups on the main Manus Island and the neighboring islands of 
Lou and Rambutchyo where supplies of taro and sago could be gotten in contrast to 
yam which was, by then, the dominant crop of Baluan. Mead's records of exchange 
between the Titan and Baluan in 1928 and that of Wooten in 1947, specify that the items 
exchanged, probably on a routine basis, included the Titan supplying fish and sago and 
Baluan providing yams, coconuts, betel nut, piper leaves and carved utilitarian goods 
and megapode eggs (Mead 1930:119, 130; Conroy 1947:38-39). Another consequence 
of their residency was that the level of warfare apparently increased and during these 
periods of conflict Baluan people were afraid to work along the shoreline. There are 
also indications that through conflict and competition, the Titan effectively restricted 
access to some fishing grounds that had previously been open to the Baluan people.
In 1898, Hemsheim and Company established the first trading station in Manus on the 
island of Kumuli, located directly southeast of Lou. By 1899 one of the traders had 
been bludgeoned to death (King 1978:48,55) and the resulting German punitive raid
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targeted the Titan community of Mouk and, peripherally, those of Baluan. Despite the 
dramatic nature of this event, the longer term consequence of coconut plantations being 
established in Manus by this German company and their recruitment of contract labor 
were of greater longer term significance. Men from Baluan contracted to work in 
Samoa before World War I and returned with large boxes of goods which are still 
remembered today and which apparently overshadowed, in their quantity and diversity, 
European goods received through pearlshell and beche-de-mer trade. Of greater impact 
were introduced diseases which are discussed in more detail in Chapter 3. In 1911, the 
German Annual Reports reported the outbreak of an epidemic in the Admiralty Islands 
that, based on estimates in coastal villages, may have killed up to 14% of the population 
(Sack and Clark 1979).
The periods between the two World Wars, when Manus was placed under Australian 
administrative control, the recruitment of labor increased markedly with many men from 
Baluan working throughout Papua New Guinea and returning with substantial numbers 
of new crops and crop varieties. The Seventh Day Adventists and the Catholic church 
established a presence in Baluan during this period which eventually gave new form to 
disputes and differences that already existed among some settlements on the island 
Adherents to the Seventh Day Adventist Church renounced many former customs and 
accepted dietary restrictions imposed by the theology, including prohibitions on pig, 
betel nut and a number of marine resources. They also promoted the introduction and 
adoption of new food crops, particularly sweet potato. The Australian Administration, 
for the purposes of taxation, census, and to reduce conflict among settlements, 
encouraged villagers to abandon their more dispersed residential patterns and form new 
more clustered settlements. This, in fact, occurred in at least three of the major 
settlement groups on Baluan.
Some of the most profound changes occurred, however, after World War II when what 
is now called the Paliau Movement directly altered the lives of approximately half the 
population, mostly those residing in the eastern half. Starting in 1946 on Baluan, the 
Movement promoted the elimination of many of the old customs, including those which 
allowed the trade and exchange networks to function, in favor of a new order 
eclectically based on Christian ideals and economic cooperatives (Schwartz 1962; 
Schwartz 1963:93-94). The Movement spread from Baluan to 33 villages along the 
south coast and by 1954 the "Movement had passed through phases of development 
oriented around secular means, and two intercalated cargo cult phases" (Schwartz 
1963:93). Major settlement shifts occurred throughout the island, most promoted by 
church groups, the Australian Administration and the Paliau Movement. The Titan 
group abandoned its stilt-house communities and took up residence on the north coast 
of Baluan and all settlements located inland on the north slope of the island moved to 
the coast to form the continuous stretch of houses which still exists. Cash crops were 
also promoted and many landholders began the process of converting tree crop orchards 
and garden lands to small coconut plantations. Throughout this period the population of 
Baluan steadily increased as did their dependence on a cash economy and imported 
foods. Much of the cash, particularly when copra prices were low, was sent from 
children and relatives employed elsewhere in New Guinea. Despite all of this, the 
gardens and reefs today still provide most of the food consumed on the island.
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Andra Island and Reef
The walled fish traps visible on the 1943 and 1944 aerial photographs clearly showed 
that the most extensive complexes of traps on the Manus reefs lay adjacent to the islands 
of Ponam, Andra and Ahus. On the Ponam and Andra reefs alone, a total of 395 
individual traps created nearly continuous formations along the northern reef edges, 
while on Ahus 76 larger traps covered major portions of the interior reef flat. (cf.
Chapter 6). The linear reef platforms on which these three islands lie are all segments of 
a broken barrier reef that parallels much of the north coast of Manus (Figs 2 and 4). All 
of these island are sand cays, supporting high populations of specialized fishing 
communities relying on extensive trade and exchange networks to obtain those 
necessities of life lacking on their small land base and in their rich surrounding reefs.
This study centers on the island of Andra, the middle of the three islands, which was 
chosen because no previous research had been conducted on the island. Ponam to the 
west of Andra was the location of James and Achsah Carriers' lengthy anthropological 
studies which resulted in the first, although brief, published descriptions of the walled 
traps (Carrier J. 1981, 1982). The island of Ahus to the east was visited briefly by 
Ambrose and Kennedy in 1977 and 1978, to gather information on specialized pottery 
production (Kennedy 1981a). From at least the turn of the century, Ahus has had the 
distinction of being one of the two places in Manus having proprietary rights to pottery 
manufacture.
Environment
The sand cay forming Andra Island and the surrounding reef distinctly reflect their 
exposure to the strong and persistent northwest trade winds that predominate annually 
between November and April. The Andra reef platform stretches 5.7 km from east to 
west and has a maximum width of about 1.5 km. Characteristic of linear reefs exposed 
to a predominant wind direction, zonation of the Andra reef is pronounced, with a 
distinct windward (northern) to leeward (southern) transition (Chapter 7, cf. Fig. 59). 
The sand cay, no more than 1.2 km long and 0.3 km wide, tapers from an eroding point 
at the northwestern end to a much broader southeastern end where prograding sand 
accumulates (Fig. 4). The flat surface of the island appears to rise no more than a meter 
above the adjoining reef flat and, at most, crossing from one end of the island to the 
other takes no more than 20 minutes. As is common on many sand cays, a low slightly 
swampy area lies in the leeward or southern half of the island.
The prograding history of the island is demonstrated in the archaeological deposits 
visible on the ground surface. In the westernmost and oldest third of the island, the 
sandy soil is thoroughly darkened by organics and forms the matrix for nearly 
continuous deposits of shell midden, pottery sherds, fragments of igneous stone from the 
mainland and obsidian flakes. Similar deposits occur throughout the central section of 
the island, but are discontinuous and the organic content of the matrix is considerably 
less. On the youngest section, the eastern third of the island, the surface is 
predominantly sand; organic staining is diffuse and superficial and cultural debris is 
widely dispersed and forms no distinct deposits. According to informants, this pattern is 
repeated below the surface when they excavate house posts or wells and it can also be 
seen in material thrown up from crab holes. Cultural material and stained organic sand 
deposits reached depths of at least 60 cm in all three test pits excavated in the western 
third of the island, indicating some antiquity for occupation or long-term use of the
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island. Differences between segments of the island are also apparent in the depth of the 
water table and the relative salinity of the water drawn from wells. The water table is 
nearer the surface and less saline in the eastern segment where the substrate is 
predominantly unconsolidated sand. Wells in the western third must be dug deeper, are 
more saline and are difficult to dig because water can be reached only by breaking 
through thick deposits of cemented sand or what is called beachrock. Residents of the 
western third claim to envy the water available to those in the east, while those in the 
eastern segment note the advantages of organic-rich sand deposits in which tree crops 
and other plants are potentially more productive.
The climate of Andra essentially conforms with that found throughout Manus, with the 
exception of the heightened influence of the northwest trade winds and some localized 
wind conditions. During the season of the northwest winds, access to the reef and travel 
across the 3 km wide stretch of water that separates Andra from the mainland can be 
disrupted for a substantial number of days by strong winds, strong currents and high 
waves. The mass of Manus island, although not reaching great heights, is sufficient to 
deflect the southeast trade winds so that they approach Andra from an easterly direction 
and, under certain circumstances, can contribute to the formation of land-sea breeze 
regimes along the north of the island.
With the exception of areas within the settlements, the Andra sand cay is thickly 
vegetated. This untended bush is composed of taxa typically found on most of the 
inhabited and uninhabited sand cays along the north coast, including that of the small 
sand cay, called Papienbrus, which lies on the eastern half of the reef flat (Fig. 4). The 
upperstorey forms a nearly closed canopy, the understorey is diverse and the ground 
cover generally thick. Stands of Casuarina colonize newly forming or unstable sand 
accumulations at the eastern and southeastern end of the main sand cay and rim the 
edges of the small cay. Tree crops are also prominent, generally creating a border 
between the bush and the open areas around settlements or occurring as scattered 
individuals or small stands throughout the residential areas. Particularly prominent are 
coconut, Burke I la obovata, three taxa of Syzygium, breadfruit (Artocarpus a/ti/is) and 
Terminalia catappa. The most distinct features of the island landscape, however, are 
the large Calophyllum inophyllum that grow along the water's edge in all major 
settlements and have become an integral part of village life, probably for generations.
Settlement and Territory
From informant testimony, the distribution of settlements on Andra, unlike that of 
Baluan or neighboring Ponam, has been largely unaltered by historical events associated 
with European contact. Residential groupings today essentially remain where houses are 
visible on the 1943 aerial photographs, although current houses and their surrounding 
yards cover larger areas. Traditionally, an individually named settlement usually 
centered around a single or in a few cases two men's houses (kamal) in which adult and 
adolescent men of the clan generally worked, slept and kept their fishing gear A smaller 
house was constructed for the women and children of each lineage and for food 
preparation. These smaller houses were apparently arranged in short rows or in clusters, 
with one or two houses being placed perpendicular to the alignment of the others. 
Surrounding all houses and encompassing the settlement were open areas which were 
meticulously swept clean of all debris. These yards separated the men's house from 
those of the families, served as working areas and, in front of the men’s house, they
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provided a large area where ceremonial exchanges were held and large catches of fish 
were formally distributed.
This reconstruction of traditional settlements differs only slightly from that given by the 
Russian naturalist, Mikloucho-Maclay who visited Andra in 1877 and 1879 and 
described the settlements in three journal entries (1873-1881:83, 145, 160). A major 
difference is his clear description of fenced yards in front of the smaller, family houses. 
Designed to exclude free-roaming pigs from areas where food was prepared and often 
served, these yards either fronted individual houses or created a collective yard for three 
or four houses. The current practice of prohibiting free-roaming pigs and raising them 
in small wooden enclosures, a policy encouraged by the Australian colonial 
administration in the 1920's and 1930's, probably explains the abandonment of these 
yards. The general impression created by Mikloucho-Maclay's descriptions of 
settlement plan is one of scattered irregular groupings rather than distinct formalized 
clusters. In one description, he depicts residences as "not placed round a square but 
stretched out on both sides of a path running parallel with the sandy beach, sometimes 
standing singly beside the path sometimes in groups of three or four " (Mikloucho- 
Maclay 1873-1881:145). Elsewhere on the island the houses "stood in a group" and 
"their facades faced a quite irregular square" (Mikloucho-Maclay 1873-1881:160).
Men's houses were nine meters long, five wide and six high and their roofs described as 
extending from the pitch of the roof to the ground, as were the smaller family houses.
The distribution of settlement groups on the island reflects, in part, their location in one 
of the two major territorial jurisdictions that divide the island and adjoining reef into two 
sections (Fig. 4). Although informants did not make the distinction as clearly as they did 
on Baluan, each territory probably represented what Schwartz (1963:63) called the 
largest political unit. The third of the island lying in the division called Paluaha, 
encompassed seven settlement groups representing at least that number of clans, two of 
which had lapati. These settlements lie in a series of groups running along both sides of 
the northwestern point of the island, extending southeast for approximately 0.3 km. The 
six or seven clan groupings in the eastern territorial division, called Rai, formed two 
spatially distinct distributions. Most were arranged in a series of groups along the 
eastern third of the north shore, while one or possibly two groups were located directly 
across the island on the southern shoreline. Rai was said by most informants to have 
had one lapati. In each division, the men's house of the lapati was said to be the largest 
structure in all the affiliated settlements and the entry posts the most elaborately 
designed.
Although based on fewer examples, the residential history of Ajidra appears as unstable 
as that of Baluan and conforms with Schwartz's characterization of weakly allied 
groupings (Schwartz 1963:63). In numerous instances, lineages broke from their clans 
and took up residence with other groups, particularly those with whom they had ties 
through maternal lines or marriage. At least two settlement groups and many residence 
sites were abandoned after numerous clan or lineage members were lost to disease.
Some locations within residential areas are left unused because they are associated with 
death or misfortune. These epidemics and unstable residence alliances have, as will be 
discussed in Chapters 6 and 7, clouded claims to fishing rights and owned locales, just as 
they obscured landholding patterns on Baluan. An additional factor in residence 
arrangements on Andra is the eroding shoreline. Some Paluaha residence groups on the 
northwestern point of the island have apparently become much more compressed over
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the past 50 years as the shoreline recedes.
The important role of the two broad territorial divisions in determining fishing rights and 
reef tenure is addressed in Chapter 7. For the Paluaha clans, however, territorial 
jurisdiction over the barrier reef extends beyond Andra and encompasses approximately 
the eastern three kilometers of the Ponam reef, a stretch called Cholio by the Andra 
people (Figs 4 and 56). Conflicting claims to this portion of the reef were settled in the 
1930's by the Australian colonial administration, which awarded it to the Paluaha clans 
(Carrier J. 1981:207; Carrier and Carrier 1989:103), a decision still seen as unacceptable 
to many on Ponam2.
Clans from the two territorial divisions had different exchange and marriage ties with 
groups beyond Andra. Although marriages within each territorial division and between 
the two were more common than those arranged outside Andra, clans on the eastern 
side were more likely to arrange marriages with Ahus, while those on the western side 
were likely to arrange marriages with the Ponam groups. The strong affiliation between 
a major portion of Andra and Ahus is demonstrated linguistically by the two islands 
having, by all informant accounts, the same language or dialect while that of Ponam is 
distinct (Ross 1988). The overall alliance between Andra and Ahus, however, was not 
stable and it collapsed sometime in the second half of the 1800's when a dispute over an 
incident at a large lapan feast led to a long period of warfare between the two islands. 
Despite ongoing animosities, individual lineages on the two islands continued to 
maintain their exchange obligations directly and indirectly through people on the Manus 
mainland with whom both Andra and Ahus groups maintained exchange ties. Andra 
clans in the eastern division also had long-standing affiliations with specific villages on 
the Manus mainland that appeared to have been as strong as those with Ahus and 
equally vulnerable to periodic disruption. These named villages were considered allies if 
fighting broke out; they contained lineages who had been trading partners (kawas) with 
Andra groups for many generations; and, frequently, marriages were arranged with their 
members. Although only five or six villages were characterized as such, they were 
located along the north coast from Mokerang on the easternmost point of the Manus 
mainland to Sori Island at the western end. Other villages, particularly some of their 
nearest neighbors, were considered traditional enemies and specific stories recalled the 
origins of these animosities. If all the inhabited sand cays, and possibly even territorial 
divisions within them, had their own sets of alliances and hostilities with groups along 
the north coast of Manus, then the entire coast would effectively have been integrated 
although in an uneven, dispersed and irregular pattern.
Subsistence in Trade
In terms of daily sustenance, two points are paramount: the importance of fish and the 
dependence on the trade and exchange network to provide the starchy foods from the 
main Manus island. The islanders were capable of providing themselves, directly, with a 
major portion of their daily diet simply because they ate large amounts of fish, 
supplemented with edible mollusks and other marine resources. Fish was served with all
2
Several factors probably contributed to Paluaha's success in the case. Many of their clans had strong 
ties through marriage with Ponam families and the Ponam clan who controlled this portion of the reef 
suffered heavy casualties in a raid by a south-coast Titan war party in the early 1900's (Carrier and 
Carrier 1989:104). Andra informants also credit their success to several male members who had 
worked abroad and better understood the ways of foreigners.
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major meals and eaten intermittently after it was smoked over fires. Both fish and 
marine mollusks, particularly when preserved by smoking, were explicitly said to be the 
main food that staved off hunger when supplies of starch, mostly sago and taro, could 
not be gotten from the mainland. Beyond these marine resources, however, food 
produced or available on the island itself narrowed to few options. Fruit and nut trees 
did not grow in sufficient numbers to provide more than a supplement to a meal or a 
snack for children. The sandy soils were said to be unproductive for crops except in the 
western section of the island where the organic content of the soil is higher and a few 
bananas, and now sweet potatoes, were grown in heavily mulched enclosures. The once 
free-roaming pigs were all individually owned and judiciously saved for planned 
ceremonial exchanges or important events. Lizard was apparently the most commonly 
sought food in the bush, although fruit bats and pigeons could also be found, but not in 
any great numbers.
Of the goods obtained through trade and exchange by Andra, the major starches, sago 
and taro, were the most important and represented the largest quantities of exchanged 
goods. Taro has been grown only rarely since a 1975 taro blight destroyed the Manus 
crops (Rooney 1982), and older informants lament its loss and portray it as a favored 
food. It was, however, not as common or as critical as processed starch from sago, 
which was the staple of most household meals. The two starches were repeatedly 
contrasted in terms of their storage capabilities, taro lasting only a few days after being 
harvested, while processed sago starch remained unspoiled for several weeks. Taro was 
thus eaten immediately after being obtained, while sago, stored in bundles wrapped in 
sago leaf, was available between trading trips and, crucial, if foul weather or other 
events prevented trade with the Manus mainland. Their roles in ceremonial exchanges 
also contrasted, with taro being prepared for the events leading up to an exchange, while 
bundles of sago, often in large quantities, were prominent in displays during exchanges 
and in subsequent redistributions. Emphasized was the need to maintain trading 
partnerships with inland areas where taro was grown as well as with coast communities 
where the extensive sago swamps were worked Other crops obtained through trade 
were yams (Dioscorea alalo), whose importance in exchanges was emphasized more 
than their contribution to the diet; breadfruit whose prominence was depicted as 
distinctly seasonal, being available mostly in July and August; and betel nut which was of 
social importance in addition to its use as a stimulant. Despite a large number of 
coconut trees on Andra, supplemental supplies of coconuts had to be acquired for milk 
and oil in daily food preparation. Occasionally large amounts of coconuts were needed 
to process oil which was then presented in exchanges or traded with the mainland 
villagers who supplied the coconuts initially.
Equally important in trade were raw materials not available on the island. Materials 
most frequently mentioned by informants were those required to construct houses, make 
fishing gear and build canoes, which were, of course, vital for both fishing and trading. 
For example, in constructing houses, the main posts, most of the structural frame and all 
the sago thatching were obtained from the mainland. All fishing line and netting were 
made from vines found only on the mainland, as was the rattan needed for fishing 
baskets. Although not mentioned by present-day informants, the range of imported 
materials was probably more diverse when craft specialties, such as wooden bowls and 
bead work, were still being made on the island.
Fish and other marine resources were by far the most important items provided by the
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Andra inhabitants whether through direct trade or in large ceremonial exchanges. Like 
other specialized fishing communities, both on the north and south coasts, they also 
produced surplus quantities of lime powder for chewing betel nut, and coconut oil. 
Unlike Ahus and Ponam, Andra does not appear to have had a proprietary specialty 
thought to give a community an advantage in the wider trade and exchange sphere.
Ahus women were the exclusive manufacturers of pottery for the northern coast of 
Manus, while Ponam specialized in producing small shell beads, which served as a 
currency throughout most of Manus, particularly in affinal exchanges (Carrier and 
Carrier 1989:102). Shell bead manufacture was, however, only acquired by Ponam from 
the inhabitants of Sori Island "in this century" (Carrier and Carrier 1989:102) and some 
Sori lineages continued to manufacture them after production began on Ponam. The 
absence of a prominent specialty on Andra and its relatively recent acquisition on Ponam 
suggest that monopolies of one kind or another were not a standard feature of all, or 
even most, of these north coast fishing communities.
Informant descriptions of how goods, clearly dominated by food items, moved through 
the trade and exchange network conformed with those outlined by Carrier and Carrier 
(1989:65-75) in their summary of Ponam's economic history and, to a more limited 
extent, with those described for the south-coast communities (Mead 1930; 1937; 1966; 
Schwartz 1963). Transfer of goods generally occurred by one of three means: at 
markets held in specific locales along the north coast of Manus; through a range of 
ceremonial exchanges; and between long-standing trading partners called kawas. The 
markets represent the most direct form of exchange in that specific goods were traded 
with no implication of obligation between the parties and these parties were not 
necessarily linked through kinship As with Ponam, Andra residents told of markets 
occurring every three or four days and implied that this was their most steady source of 
starch staples needed for the household Ceremonial exchanges generally involved 
formal presentations of goods and their subsequent redistribution among appropriate 
participants, most of whom were bound by kinship. The most common of these were 
affinal exchanges which "consisted of an extended period of payments from the 
husband's parents and siblings to the wife's parents and siblings, and the reverse"
(Carrier and Carrier 1989:69). Andra residents frequently participated in these 
exchanges on Andra as well as traveling to villages on other islands or on the mainland 
where they had ties through kinship. The largest of the ceremonial events, the Japan 
exchanges, affirmed the status and political standing of the lapan sponsoring the 
exchange. Those allied with the lapan contributed to amassing large and impressive 
quantities of goods for display, often with the intent of surpassing previous displays 
organized by Japan from different settlements. Trading partners were individuals or 
family groups residing in villages outside of Andra with whom one was mutually 
obligated, through precedent, to supply any food stuffs or materials requested, whether 
for routine needs or in preparation for ceremonial exchanges. Most of these long­
standing partnerships were established in the distant past, often through marriages.
Some were based on friendship formed in various circumstances or in gratitude if an 
ancestor had been spared or saved during battle. These ties were depicted as the most 
crucial in terms of planning ceremonial exchanges, in acquiring construction materials 
for large projects and in supplementing food supplies if other avenues of exchange or 
trade were wanting.
Although often contested by groups living in the mainland villages, Andra informants
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claimed direct access rights to resources along the coast. Their fishing rights, which 
were continually defended, included the fringing reef that lies along the mainland coast, 
and the shoreline and river mouth areas where several taxa of fish spawn in large 
numbers. They also saw themselves as having unimpeded access to the mangrove stands 
which adjoin these fishing areas and in which they gathered edible shells and hard 
timbers. The most important mainland resource, however, may have been water.
During dry spells, when the island's array of catchment devices failed and the wells 
became increasingly saline, canoes lined with pots designed to hold water would sail to 
particular springs along the coast for supplies of cooking and drinking water.
Recent History
The recent history of Andra is one with relatively few dramatic disruptions, particularly 
when compared with Baluan and other inhabited north-coast sand cays. There have 
been no dramatic shifts in their settlements; no lands were alienated for coconut 
plantations before or after World War I; and all groups on the island have remained 
followers of the Catholic faith from the early 1920's (Carrier and Carrier 1989:77). 
Accounts of the Challenger Expedition (Moseley 1877; Spry 1878), by Mikloucho- 
Maclay (1873-1881) and Redlich (King 1978:53) show that the inhabitants of Andra and 
the other north coast islands were active participants in the trochus and beche-de-mer 
trade by 1875 and were well acquainted with foreign materials. Sometime after 1911, 
when the German colonial administration established a permanent station at Lorengau 
and Manus was essentially pacified (Carrier and Carrier 1989:76), several men from 
Andra signed labor contracts to work abroad on German plantations in Samoa and 
returned with stories of the outside world and more European goods. During the same 
period, Hernsheim and Company began to establish coconut plantations on the islands 
along the north coast, including Sori, Ponam and Pityilu, which led to the removal or 
displacement of settlements on these islands (King 1978). Although this did not directly 
effect Andra, non-Manus labor brought to work on these plantations apparently 
introduced diseases that caused a fairly dramatic decline of population. Some accounts 
seemed to indicate that this was not the first period of increased deaths.
Between 1920 and the Japanese occupation of Manus in 1940, accounts emphasized the 
increased migration of men to work in other parts of New Guinea; the introduction of 
new fishing gear and materials which were incorporated into traditional fishing 
equipment; and the institution of the court system by the Australian colonial 
administration. Although the frequency and significance of court cases increased after 
World War II, this was depicted as the beginning of the decline in subsistence trading. 
Many cases dealt with conflicting claims over exclusive use rights to particular marine 
environments and coastal resources and, more often than not, the specialized fishing 
groups were placed in opposition to the mainland villagers with whom they traded. The 
erosion of these restrictive rights through court decisions eventually helped weaken the 
trade and exchange network overall, particularly after World War II when the growing 
importance of the cash economy allowed each group a greater degree of independence 
through the purchase of imported foods. Although the War serves as a major marker in 
local histories, the War itself had only a temporary impact on Andra. When the allied 
forces turned the eastern portion of Ponam into an airbase, the entire population was 
relocated to Andra and, once a week, landing craft brought sufficient military rations to 
feed the entire population. As was the case elsewhere, Andra inhabitants eagerly 
incorporated abandoned or surplus goods left by the military into their settlements and
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households.
The period after the War until the present has seen an increasing emphasis on a cash 
economy and the reduced importance of locally produced food in the trade network and 
in ceremonial exchanges. The population continued to increase, as did the migration of 
young people to urban centers on the New Guinea mainland, where many found 
employment. The 1980 census listed the population of Andra as 270 (Freyne and Bell 
1982: Appendix IV). Because of the emphasis the islanders placed on education after 
the War, many Manus were in an advantageous position to secure work in the growing 
national economy and government service (Carrier and Carrier 1989:86) and, at the time 
of my field work, most of the cash entering the local economy was said to be remittance 
money sent by employed relatives elsewhere. Despite these changes, the Andra 
economy in 1987 was predominantly one of subsistence based on fishing. Sago gotten 
from mainland villages, either through trade or purchase, was still the major starch 
staple, although informants frequently noted that they were becoming more dependent 
on rice and other imported food stuff's. Other sources of cash were the occasional sale 
of trochus shells and, more importantly, the town market in the expanding provincial 
capital of Lorengau. Once or twice a month, women from Andra traveled to Lorengau 
to sell smoked fish, octopus and clam meat as well as powdered lime and coconut oil, all 
goods that were traditional trade items. The money earned paid school fees and 
purchased food, fishing equipment, petrol to fuel motorized canoes, clothing and various 
household goods.
General Field Methods
The research presented here is the result of 13 months of field work. Of this time, nine 
and a half months were spent on Baluan (November 1986 to June 1987 and September 
1987) and three and a half months on Andra (October and November 1986 and July and 
August 1987). Work on Andra was broken to accommodate the annual period in which 
access to the reef was possible and the walled traps could be mapped. In both cases, the 
research approach was divided into three, often concurrent, phases: reconnaissance 
surveys, documenting the walled features and collecting ethnographic information.
Reconnaissance Surveys
On Baluan, the reconnaissance portion of the study began as an attempt to identify 
island-wide patterns that would provide the criteria needed in selecting representative 
walled complexes to be mapped in detail. The anticipated patterns were those of 
settlements, territory, access routes, environmental variables and observable variations in 
the walled complexes themselves. Known settlements, generalized territorial boundaries 
and access routes were identified and their approximate locations plotted, with varying 
degrees of reliability, on a 14x enlargement of a 1974 aerial photograph taken by the 
Royal Australian Air Force. Plotting was often difficult because dense vegetation 
obscured potentially useful landmarks and allowed few vantage points from which to 
deduce locations on the aerial photographs. Also, many identifiable features on the 
photographs were no longer recognizable in 1986-87 and, conversely, landmarks 
prominent during field work post-dated the 1974 photographs. These problems were 
overcome to some degree by using photographs taken from a helicopter in 1987, which 
allowed current landmarks to be superimposed on those identifiable on the aerials. Final 
plotting of identified features and the locations of the walled complexes mapped in detail
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was done on a Kern PG-2 stereo-plotter. Maps were scaled to the 1952 topographic 
map of Baluan and then enlarged to 1:16130 to accommodate the scale of the aerial 
photographs. In those figures showing the distribution of the mapped complexes in 
Chapters 3, 4 and 5, the scale is very approximate because the base map of Baluan 
(1:25000) had to be greatly enlarged and maps of walled complexes (1 500) greatly 
reduced for them to be superimposed.
Defining applicable environmental patterns or variations in enclosure attributes proved 
elusive. Vegetation patterns tended to reflect recent landuse practices instead of 
customary ones and did not coincide with observable differences in environmental 
factors. With relatively few exceptions, localized variations in soil characteristics, 
particularly the degree of stoniness, appeared greater than any broader distinctions 
useful to sampling strategies. Despite restricted ground visibility, it became clear during 
the reconnaissance phase that enclosure and wall typologies were difficult to define and 
could not readily be used to distinguish one portion of the walled complex from another. 
An exception to this was the very general impression that smaller enclosures occurred in 
higher frequencies near known settlement areas than at greater distances from them.
As all the walled traps on Andra could be mapped and no sampling strategy was needed, 
reconnaissance work primarily focused on defining and mapping reef morphology. 
Frequent trips were made over the reef by foot and canoe to assess the composition of 
reef environments and to draw generalized boundaries in their distribution. These were 
plotted on 1987 aerial photographs, with the final map being compiled on a Kern PG-2 
stereo-plotter. Observations also included current patterns and tidal fluctuations. This 
experience was essential in comprehending distinctions made by informants in using 
vocabulary describing fishing methods or explaining fish behavior.
Documenting the Walled Complexes
The individual walled garden enclosures and fish traps were mapped using a dumpy level 
and the readings plotted at a scale of 1:500 (5m = 1cm) for the garden walls and at 
1:200 (2m = 1cm) for the fish traps. As walled enclosures were primarily rectangular, 
sightings were recorded at the four corners and at a mid-point along each wall whenever 
possible. The general trend of the wall was then sketched to scale between the plotted 
points. Measuring the height and width of the enclosure walls, used by some as a gauge 
of past labor investments, was discontinued when it became apparent that it was nearly 
impossible to do so consistently. Customary gardening practices include the re-stacking 
of enclosure walls every time the garden is used and the exact heights are not necessarily 
repeated when reconstructed nor are wall heights predictable in their collapsed state. 
Measuring the basal widths of the walls also proved meaningless because substantial 
stone heaps abutting the walls are themselves re-shaped into planting surfaces with each 
use of the garden and are indistinguishable from wall foundations when the garden is in 
fallow.
Not mapped were the large number of features inside the garden enclosures, most of 
which were stone-clearing mounds and alignments that varied substantially in size, 
configuration and density from one enclosure to another. Their documentation would 
not have contributed significantly to characterizing the agricultural system as a whole 
and would have been time consuming. However, their role within the cultivation 
process and as physical remains of past use is discussed. Difficulties in defining wall
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dimensions and assessing internal features were compounded by dense ground cover and 
secondary regrowth that made detailed observations unreliable, particularly for 
comparative purposes.
These efforts resulted in 18 complexes being mapped in detail, including 736 individual 
garden enclosures and 86 residential yards. This amounted to a sample of approximately 
54 hectares, 48 ha being garden enclosures and 6 ha residential features (Fig. 5). To a 
large extent, the exact location and shape of the complexes mapped was dictated by the 
success or failure in gaining landholder permission, as well as by available labor and 
dense vegetation. The configuration of the mapped complexes is primarily an artifact of 
this process. None are physically separated from the greater complex of enclosures that 
essentially cover the island.
The sampling strategy aimed to map examples from the different territorial divisions; 
along an elevation gradient running from the coast to the crater rim; at different 
distances from identified settlements; and within the vicinity of major intersections in the 
trail network. In the end mapped samples represented six of the eight major territorial 
divisions and two series of complexes resembling transects followed the topographic 
gradient of the island, one crossing through a settlement area and the other at a distance 
from long-term settlements. Other complexes were selected to further test the degree to 
which enclosure density varied with distance from residential features or because they 
encompassed major trail intersections. To avoid dense vegetation, most examples were 
located in small coconut plantations or in cleared gardens being prepared for planting. 
This use of coconut plantations did not appear to introduce a bias to the sample because 
informants repeatedly claimed that the establishment of such plantations reflected the 
individual choice of landholders rather than environmental factors, customary priorities 
or any distinction between prime and marginal garden lands.
The 47 walled fish traps recorded on Andra encompassed approximately 3 hectares of 
reef. As they were plotted at a relatively large scale and were completely exposed at 
low tide, all traps existing in 1987 could be mapped in considerable detail. Dumpy level 
readings were taken at all major shifts in wall orientation, wall widths were measured 
and representative wall heights recorded. Wall heights and widths were more significant 
in understanding the operation of fish traps than similar measurements on the Baluan 
walls because they have a direct bearing on how traps function in particular tidal 
conditions. The major constraint in recording and comparing these measurements was 
that mapping took place when the traps were undergoing annual reconstruction, during 
the only period when low daytime tides allowed access to the reef flat. Thus the 
reconstruction of some traps was only partially completed while others were only 
recognizable by remnant wall segments.
Collecting Ethnographic Information
The primary aim of collecting ethnographic information was to reconstruct aspects of 
customary production that could contribute to understanding the use of the walled 
features and the broader social and economic events that shaped their use. Also sought 
were informants' perceptions of changes that had occurred in the recent past and their 
consequences for subsistence. The reconstructions presented here essentially generalize 
the period between 1900 and World War II, or the parental and grandparental
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Fig. 5 Distribution of Mapped Complexes with their National Museum Site Code Designations
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generation of informants now 50 to 60 years old. Throughout the thesis, the 
information presented was collected by the author unless otherwise cited. Most was 
gathered in New Guinea Pidgin, although attempts were made to incorporate vocabulary 
from the local language in the Pidgin context to gain a better understanding of usage, 
particularly for those terms that were fundamental to subsistence or the environment.
No specifically defined orthography was used in transcribing vocabulary.
Information was collected in varying circumstances and recorded by notes either during 
interviews or after unanticipated discussions. In obtaining a general understanding of 
former subsistence practices and customs, probably the most effective source was 
numerous and generally unexpected conversations that occurred with individuals while 
the author worked on the reconnaissance and mapping phases of the research, 
particularly when walking to and from the day's study site. Frequently topics would be 
raised in these generally informal discussions that might not have been anticipated in 
more formal interviews, at least not at that point in the study. As these discussions took 
place in the midst of gardens, at former settlement sites and on the reefs, examples could 
be demonstrated or locations critical to understanding spatial distributions clarified. 
Particularly important in assessing credibility was the consistency with which aspects of 
subsistence production were recounted by a wide range of individuals who represented 
different ages, village affiliations and gender. This consistency, combined with the 
degree of generalization, served as an excellent gauge of the extent to which some 
information represented commonly held perceptions of traditional subsistence. This 
commonly held knowledge is more appropriate to an understanding of widely practiced 
subsistence concepts and procedures than the more esoteric or specialized information 
held by a relatively few individuals. Given the contentious nature of land and reef 
ownership, individuals probably felt freer to discusses certain topics in these casual 
circumstances than they would in formal interviews where they could be scrutinized by 
neighbors and possibly criticized as a seeking of personal advantage and gratuities.
Approximately 23 interviews were conducted that could be considered formal in that 
discussions were arranged with specific goals or a range of questions in mind. Of these, 
seven were tours of former settlement sites or reef fishing areas and eight aimed at 
recording specific information on fishing methods, fish and garden procedures. Towards 
the end of field work, interviews attempted to reconcile contradictory accounts and 
clarify uncertainties. Sessions often included several individuals although one was 
generally the primary source. In the text, they are not associated with specific data to 
avoid aggravating, however inadvertently, disputes within the communities.
Land and Marine Tenure Disputes
A major constraint encountered in conducting field work and achieving some goals of 
the study was the very contentious nature of land and marine tenure. This was true on 
Baluan and Andra, although the causes, expressions and intensity of these problems 
varied. Specific constraints are discussed in more detail in the following chapters, 
particularly where they affected the extent to which ownership patterns could be 
depicted. Circumstances responsible for contention probably include unevenly 
distributed population growth, shifts in residence locations, changes in marriage 
patterns, dedication of garden lands to cash crops and the infrequent use of fishing 
methods that still imply an owner’s right to restrict the activities of others. The 
institution of village courts to settle disputes, often with monetary compensation, also
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raised tensions. Court procedures give importance to forms of argument and 
documentation that were not customary and many without education or experience in 
these matters saw themselves as being at a disadvantage. They were very reluctant to 
discuss their claims or knowledge about their holdings for fear that this information 
would fall into the wrong hands and they would be put at a disadvantage in court.
Those overtly anxious to demonstrate their holdings were sometimes ambitious 
individuals whose intentions were suspect and resented by others. Thus it was difficult 
to reconstruct, with certainly, patterns of land and sea tenure and nearly impossible to 
depict them on maps in case these documents might incite additional suspicions. Such 
attitudes greatly complicated the process of gaining permission to conduct surveys and 
restricted work to those areas where permission remained uncontested until the work 
was complete.
Archaeological Excavations
On both islands, archaeological excavations were to be the fourth phase of research. 
Excavations on Baluan were intended to retrieve sufficient evidence to define an 
absolute or relative chronology for the development of the walled complexes. The initial 
strategy was to identify places in the mapped complexes where bisecting enclosure walls 
and adjoining deposits would be most likely to uncover stratigraphic evidence of past 
changes. Site selection would also consider testing potential differences due to 
elevation, slope and distance from known settlements. Favorable circumstances would 
be those in which soil had accumulated behind garden walls, potentially burying wall 
segments predating patterns visible on the surface, containing datable charcoal 
associated with phases of wall construction or changes in the rate of soil accumulations 
and stratifying potsherds and obsidian, examples of which were quite apparent on the 
surface of many gardens.
These planned excavations had eventually to be abandoned. As the mapping phase 
progressed and after the excavation of two test pits on an off-shore island called Mouk 
(McEldowney and Ballard 1991), it became increasingly apparent that excavations 
would prove highly controversial and might escalate suspicions that already surrounded 
and periodically disrupted field work. Not understanding nor accepting the intent of 
archaeological research, many individuals remained very suspicious that the information 
collected could be used against them in the village courts, given to enemies wishing to 
invade the island or sold at an enormous profit. Discussions anticipating the planned 
excavations, directly or indirectly indicated that exciting suspicions would probably 
increase substantially. As excavations are reminiscent of prospecting and mining 
activities, some feared that their island would be ruined if valuable minerals were found 
or that ensuing profits would be held by a limited number of land holders. Some 
allusions resembled expectations described by Schwartz (1962) in his study of cargo 
cults in Manus, including Baluan, between 1945 and 1954. During a later cult phase, 
many believed that manufactured goods and other forms of wealth were buried in the 
ground and their ancestors could materialize such goods in cemeteries (Schwartz 1962). 
Unfortunately the test excavations on Mouk Island were located at the periphery of a 
cemetery. Despite this coincidence, controversies resulting from the Mouk excavations 
were still dominated, at least overtly, by disputes over land ownership and the 
distribution of imagined profits. Faced with limited field time and funds, it was decided 
that additional and increasing controversy could jeopardize the remaining field work, 
particularly the collection of ethnographic data.
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Field observations suggested that it would be difficult to predict with certainty the 
location of suitable deposits. As will be discussed later, the soils and terrain of Baluan 
are not highly susceptible to erosion and most accumulations observed along walls 
appeared to be relatively shallow. Deeper accumulations tended to be localized and, had 
they contained data, they may not have represented a pattern of broader events. 
Examination of soil profiles exposed along road cuts, the up slope edges of leveled 
house yards and wave-cut shorelines showed no evidence of buried deposits or wall 
segments. Although it is possible that such evidence exists and that even negative 
results would be informative, the low probability of finding sufficient data was not worth 
the risk of hostility. As discussed earlier, the difficulty and uncertainty of establishing a 
chronological context even with excavations is not unique to this study but one that is 
common to similar exercises.
In terms of the walled traps, excavations on Andra could only hope to address their age 
indirectly by establishing the initial age of use or occupation of the sand cay and the 
nature of this occupation. This was to be accomplished by excavating a series of test 
pits that would sample deposits across the length of the island. During the first visit to 
Andra, three test pits in the planned series were completed in what appeared to be the 
oldest segment of the sand cay. With the abandonment of excavations on Baluan, the 
decision was made to not continue the Andra excavations during the second visit 
because the remaining time was needed to record information that would create a 
stronger basis for comparison between the two islands. The already completed 
excavation would, it was hoped, establish a broadly defined age of occupation and thus 
serve as a reasonable date before which the walled traps would be unlikely. As the 
materials excavated on Andra and Mouk Island were lost in shipment for five years, 
results from these excavations are not incorporated in this thesis.
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Chapter 3
The Natural and Social Landscape of Baluan
The primary objective of this chapter is to define those aspects of the natural and social 
landscape which could have shaped long-term subsistence production on Baluan and 
thus influenced the establishment, expansion or elaboration of the walled garden 
complexes. In the environment, important factors are those creating circumstances in 
which intensified production is most likely to occur; those determining the options 
available once pressure on production increases; and those significantly influencing the 
distribution of defined social patterns. Particularly significant is the uneven distribution 
of natural resources or environmental conditions that can identify areas in which 
particular subsistence developments would be advantageous or would pose constraints. 
In terms of agricultural production, important considerations are variations in soil 
productivity and stability, slope or moisture which dependens on factors such as 
temperature, rainfall and exposure to winds. Limiting factors, often most dynamic, 
could include susceptibility to periodic droughts, pronounced seasonality and soil 
degradation The uneven distribution of non-agricultural resources, including those of 
the reef and off-shore waters, could offset limitations in increasing land-based 
production or complement the intensification of production.
Assessing significant social factors relies on inferences drawn from the known diversity 
and distribution of sites types which were also constructed of stone and thus contribute 
to the archaeological record This approach conforms with that promoted by landscape 
or settlement pattern studies which use the attributes and spatial distribution of feature 
types to infer broadly defined aspects of the political, economic and religious 
organization of past communities and tracing their change through time (Groube 1967, 
Green 1967; 1970, Bellwood 1979; McCoy 1976, 1979; Jennings, Holmer and 
Jackmond 1982; Kirch 1982a; Cordy 1985; Weisler and Kirch 1985). In addition to 
agricultural features, the widespread site types receiving the most attention in the Pacific 
are residential features, settlement complexes, religious structures, defined access routes 
and major territorial boundaries. The distribution and development of non-agricultural 
features can provide a basis for arguing how and why agricultural features would 
develop or production intensify. Settlement studies have used residential and settlement 
complexes to gauge changes in population distributions and densities which, in turn, can 
imply population growth as a primary impetus for intensification. Increases in the 
complexity of settlements, particularly when associated with ceremonial features, have 
been interpreted as an increase in general social complexity which then could increase 
demands on surplus production for politically motivated exchanges and redistribution. 
Major territorial boundaries, be they marked artificially or by natural land forms, can 
effectively impose social limits to the expansion of production or can exemplify, through 
their increasing complexity or reduction in size, growing pressure on landuse. Defined 
access routes demonstrate the integration of significant components in the natural and 
social landscape and the network which organizes these components.
The chapter begins with an assessment of the Baluan environment and its potential 
influence on the development in subsistence production and the distribution of other site 
types. The discussions then explore the social context of the landscape as defined by 
settlements, major territorial jurisdictions and defined access routes. All three are 
represented by features constructed in stone and thus provide an archaeological
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dimension to an inferred social context. The description of settlements and the order in 
which they are discussed generally conform with levels of analysis common in Pacific 
settlement studies (Bellwood 1979; Jennings, Holmer and Jackmond 1982; McCoy 
1976; 1979; Masse, Snyder and Gumerman 1984). The first level focuses on the basic 
units of a settlement or those individual structures which constitute the components of a 
settlement. While these are diverse elsewhere in the Pacific, here the residential yard of 
the household serves as the primary residential unit and the basic component of all 
settlements. The second level concerns the manner in which these components are 
combined to form complexes and the resulting spatial pattern. In this case the complex, 
or settlements, are the clustering of residential yards which collectively constitute the 
major and largest political unit (Scwartz 1963:63). The third level examines the 
distribution of settlement groupings across the landscape. Also addressed is the extent 
to which social status or hierarchy is evident in the now abandoned settlements and the 
dynamic histories of the settlement groupings which proved to be so pronounced in 
informant accounts. The discussion then turns to the major territorial divisions which 
encompass the highest level of settlement grouping and their collective landholdings, and 
the walled trail networks. The chapter ends with a summary of those characteristics of 
the landscape which are the most pronounced and potentially influential in the 
development of the walled garden enclosures.
Environmental Variability
In contrast to many Pacific islands, the broad, gradual and undissected slopes of Baluan 
provide little environmental variability to explain those processes which can influence 
use of the landscape or the developments of the walled enclosures. The major exception 
is, of course, the abundance of stones in the island’s volcanic ash soil which provided the 
material for wall construction and a need to clear the soil of stone for planting. The 
landscape, however, forming the backdrop for these developments is not only uniform 
but apparently stable; characteristics that can be attributed primarily to the geologic 
composition and youth of the island and its small size. Absent is the diverse range of 
landforms that exemplify many other Pacific islands such as highly eroded ridge and 
valley formations, coastal plains formed of alluvial and colluvial deposits, pronounced 
differences between windward and leeward exposure to dominant trade wind patterns or 
extensive grass or fern lands which could indicate soil degradation. All contribute to 
creating those micro-environments to which some of the diversity of Pacific island 
subsistence systems has been attributed and which has readily displayed, in some cases, a 
history of human impact on the landscape (Fosberg 1965; Yen 1973a; Kirch 1984:123- 
150; Spriggs 1985). An exploration of four environment factors on Baluan which could 
have influenced the island’s prehistory illustrates the weakness of environmentally based 
explanations in this particular case1. This includes the diversity of landforms, differences 
in the soil distributions, vegetation patterns and climatic variations associated with 
elevation and exposure to predominant wind patterns.
1 The lack of significant environmental diversity in the landscape is supported by the absence of words 
in Baluan vocabulary for such variations. This contrasts with the ample number of terms used to 
distinguish gardens in different stages of production, bush with and without edible crops and differences 
in soil color and firmness and with well defined vocabulary for the Andra reef environments which was 
crucial to fishing (Chapter 7).
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The most prominent landforms to interrupt the broad slopes of this symmetrical island 
are the central crater, a pronounced ridge forming the northeastern point of the island 
and four cinder cones or auxiliary vents, three of which lie along the eastern coast and 
one at the 130m contour on the western slope (Fig. 3). When combined, these features 
represent a relatively small proportion of the island’s surface and, other than serving as 
convenient features along which to mark two major territorial divisions (cf. Fig. 14), the 
steep walls of the crater, ridge and the cinder cones apparently provide no unique or 
specific circumstances that were advantageous to particular resources or that would 
significantly limit agricultural expansion. The steep crater walls did not prevent 
cultivation of the crater floor which is covered in walled enclosures and the cinder cones 
were cultivated in a manner similar to the surrounding landscape. Although a section of 
one cinder cone was the most noted megapode nesting ground on the island, others 
were scattered amongst the garden lands of the slopes. As for differences in soil types, 
informants made only two distinctions which were also observed during field work. One 
is a band of deeper volcanic ash soils around the outer rim of the crater which probably 
represents the primary deposition of ash from an explosive eruption. Ash from these 
eruptions tends to form the thickest deposits close to the vent (Pain 1981). The other is 
a narrow strip of extremely rocky land that extends from a vent on the western slope 
towards the coast which is probably a more recent, although not new, lava flow. The 
deeper ash soils were depicted as being no more productive than other soils on the island 
and some informants actually preferred gardens with high percentages of stone. Walled 
enclosures extended across the rocky lava flow, suggesting that it was also cultivated at 
one time although the tall stature vegetation covering the flow today suggests that it had 
not been cultivated recently. Other than these two exceptions, informants could not 
provide any generalizations of how soils or garden productivity differed from one 
segment of the island to another, nor were any observed during field surveys While the 
relative percentages of soil and stone obviously did vary among gardens, these localized 
differences were much greater than any definable at a larger scale.
Vegetation patterns, in contrast, do vary considerably across the island as they form a 
mosaic of secondary growth communities, including coconut plantations and substantial 
patches of bamboo along the southern and southeastern slopes. These patterns, 
however, reflect relatively recent changes in landuse or particular events instead of 
fundamental differences in environment or a continuity of customary landuse practices. 
The large stands of bamboo were said to mark long abandoned garden areas or those 
burnt by accidental fires during periods of drought. Apparently some areas dominated 
by advanced secondary growth communities had not been cultivated recently because of 
disputes over ownership or their greater distance from the current coastal settlements, a 
shift which also contributed to a greater number of young secondary growth 
communities closer to habitations. While variations are present, no coherent or useful 
patterns emerge, including those that could correspond with other potential 
environmental indicators such as broad differences in soil or exposure to dominant 
winds. In fact the only recognizable variation in micro-climatic conditions, the 
formation of heavier and more persistent morning dews at elevations above the 130- 
150m contour, was not visible in the vegetation. While these dews probably reflect 
differences in temperature and moisture retention with elevation, when asked, 
informants never recognized this as significant factor in crop production nor as an 
advantage during periods of dry weather.
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For the purposes of this study, perhaps the greatest advantage of this uniform and stable 
landscape is that it allows the social factors influencing production to be expressed much 
more clearly than would otherwise be the case.
Settlement Composition and Distribution
At least in the recent past, Baluan settlements consisted of a variable number of 
individually defined residential yards, most of which encompassed a single house and the 
routine domestic activities of that household as well as all ceremonial exchanges. The 
arrangement of yards within villages, or what will be called settlement groups, varied but 
can be characterized as a collection of clustered residential yards and, in some instances, 
a series of rectangular terraces that descended with the slope of the island. Although 
these dispersed clusters generally formed fairly well-defined and spatially discrete 
grouping, their designation as a settlement relied primarily on shared social and political 
ties and interests in a broadly defined territorial division. Hampering the degree to 
which these settlement groups could be physically discrete, is the concentration of nearly 
all settlement groups on the north slope of the island and, as will be shown later, the 
repeated reinforcement of this pattern over time.
Informant descriptions of settlements and their explanations of past changes in residence 
and settlement locations, conformed well with Schwartz’s characterization of 
settlements in his overview of Manus society (Schwartz 1963:63-65). He depicts 
settlements as being composed of a highly variable number of clans and lineages that 
were primarily united by the shared acceptance of a single adult male as the leader 
{Japan) of the settlement and recognition of those individuals accepted as the heads of 
the member clans and lineages. Together, these settlement groupings and territories 
which incorporated the individual landholdings and use rights of the member clans and 
lineages embodied what Schwartz called the “largest political unit” in Manus (Schwartz 
1963:63). More striking, however, was the extent to which the Baluan record 
exemplifies Schwartz’s depiction of inherent settlement instabilities. Weakness in the 
fundamental alliances among these clans and lineages led to a high incidence of 
residential households, groups of households or whole segments of a settlements 
splitting from their original groups and joining other settlements or establishing 
autonomous villages. This process included fragmentation of settlements as well as the 
re-establishment of previous alliances at the clan and settlement levels. Settlements 
could increase in size through the return of formerly severed groups, the recruitment of 
lineages from other clans or villages and the absorption of groups depleted by epidemics 
or warfare. Informants primarily attribute these departures to disputes among clans or 
lineage members or the abandonment of places tainted by misfortune such as death or 
illness in the family. Reference to these patterns of settlement instabilities will occur 
repeatedly as a factor in the reconstruction of past settlement patterns and in attempts to 
interpret them.
Individual Residence Yards
In terms of structural remains, the residential yard was clearly the fundamental unit of 
the Baluan settlements and, with the exception of the trails, all other structural 
components of a settlement were encompassed by these yards. Long abandoned yards 
were usually still recognizable, the two most diagnostic features being that the surfaces 
of these predominantly rectangular areas were leveled and the perimeters were almost
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Fig. 6a Compilation of Mapped Enclosures Highlighting Residential Yards: eastern segment
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Fig. 6b Compilation of Mapped Enclosures Highlighting Residential Yards: central segment
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always delineated by a stone alignments or low walls (Figs 6a-c and 7). Residential 
yards on the steeper slopes are the only true examples of terracing on the island, in that 
their artificially leveled surfaces were created by cutting into the slope, creating fill and 
constructing retaining walls. In both cases, these rectangular areas lie with the contour 
of the slope, an orientation attributed to a need to position the house parallel to the 
dominant winds. In general, these characteristics were sufficiently distinct to allow 
recognition of most of the relatively recent residential areas even without informant 
testimony. Of the 86 residential yards mapped in detail, yard area ranged widely from 
138 to 2002 m2, with the median area being 527 m2. This wide range of sizes, as well 
as the impression of regularity in yard shape, is apparent in the bar graphs showing the 
frequency distribution of yard area (Fig. 8) and in the compilation of mapped examples 
(Fig. 6a-c). Although some preference towards the smaller yard sizes is indicated by the 
slightly skewed frequency distribution, this tendency is not strong enough to produce 
distinct or peaked grouping in the distribution of logarithmic values.
Most residential yards encompassed only one house in which both men and women lived 
and slept. This pattern differs from most of Manus and much of New Guinea in which 
settlement configurations often center around separate men’s houses. Informants 
distinctly made this comparison themselves and claimed that, to their knowledge, Baluan 
had never had separate men’s houses. The interior of the house was, however, clearly 
divided by gender. The frame of the rectangular-based house was supported by three 
major posts, enclosed by a pitched roof and four walls, all of which were thatched with 
sago leaves (see similar examples in Nevermann 1934; Buhler 1935). The second post 
of the house essentially marked the men’s section {siklui) in the front of the house from 
that of the women’s (sikum) in the back. Elevated beds, used for sleeping and storage, 
lined the side of both halves of the house and small unconfined fires built along the 
center of the earthen floor kept the house warm and dry. In the men’s half, the flat 
stone for pounding kau {Piper spp.)2, called youyengkae, was laid next to the major 
house post closest to the front door. The area reserved for cooking lay along the back 
walls of the house in the women’s section, where triangular arrangements of three 
stones were set to hold the clay pots of boiling food. As can be seen in mapped 
examples where informants could demonstrate the exact location of former houses, 
houses were located approximately in the center of the rectangle (Fig. 7). In these cases 
the floor area measured 16 by 6m, 18 by 8m and 13 by 6m. In some instances a row of 
stones lined the perimeter of the house itself but, generally, the foundation remained 
unmarked. More frequently, stone alignments formed a kind of threshold for the main 
entrance.
The division of space by gender found within the house applied to yard as well. The 
men’s section (ku/ului) lay at the front or “eye” of the house and usually separated the 
house from the major trail that ran through the settlement while that of the women 
(ikulunum) was situated behind the house. All routine household tasks were performed 
within the residential yards as each gender gathered routinely in their respective areas to 
perform daily or periodic chores and to talk. The predominantly free-roaming pigs were 
fed prepared food in the women’s section, usually from halves of large clam shells 
{Tndacna maxima), which served as feeding troughs and still mark the women’s area of
2
During his study of Piper species in the Pacific. Lebot visited Baluan and identified both Piper 
methvsticum and P. wichmannii (Lebot. Merlin and Lindstrom 1992:19. 24).
Natural and Social Landscape of Baluan 64
abandoned residences3. One of the most important functions of the men’s area was its 
use for ceremonial exchanges. At such occasions participants were received and 
gathered in this area, goods were displayed and distributed, speeches were delivered and 
dancing celebrated the event. Large stones, some being tabular in shape and fine­
grained, were placed about the men’s working and meeting area.
The only other stone features that could be considered consistent components of a 
settlement were small enclosures dedicated to growing aromatic and colorful herbs and 
shrubs and a small circle of stone measuring about 1 meter in diameter (Figs 7b, c and 
d). Both features were located within the perimeters of the residential yards. The area 
of the small enclosures (lalkoko or pulutput) ranged widely from 9 to 109m2 in the 16 
examples mapped, with the average being 38m2. The shrubs and herbs planted within 
them not only served to ornament the residence with color and smell but they could 
deter misfortune caused by the supernatural. The taxa planted, collectively called 
putput, also protected gardens, adorned people during ceremonial occasions and played 
a major role in religious or magical rituals4 Included were: Ocimum basilicum (kowei), 
Ocimum sp. (kalia), Plectranthus scutellarioides (aungai), Plectranthus sp. (marapul), 
Euodia hortensis (mbuke), Codiaeum variegatwv (koyat), Polyscias fruticosum  
(,kuaniu), Zingiber officinale (lai), Alpinia sp. and Cordyline terminalis (sin for the 
green variety and naio for the red). The term lalkoko could also be applied to small 
enclosures in non-residential areas such as those within gardened areas and those in 
which Piper sp. was planted (Ambrose 1991 463). The small stone circles were the only 
constructions on the island to have an overt and explicit ritual function. The same 
colorful and aromatic herbs and shrubs were planted ina specific combination within 
each circle depending the traditions associated with each circle. Based on the described 
purpose of several examples, the maintenance of these circles and the associated rituals 
could have a direct bearing on the health and productivity of garden or tree crops. They 
could also signal periods of drought or bring advantage during disputes or warfare.
Their presence in only some of residential yards and not others could indicate an 
association with higher-ranking households or those specializing in particular rituals 
although this could not be consistently confirmed with informants.
Settlement Plan and Organization
Although the arrangement of residential yards within a settlement grouping was offen 
dispersed, irregular and variable (Figs 1 a-c, 9 and 10), two frequently repeated patterns 
could be defined based on informant depictions and observations. These two patterns 
are evident in Figures 9 and 10 which reconstruct house locations in two settlement 
groupings for a period spanning the mid-1920’s through the 1930’s. These locations 
were identified by two older men, now in their 50’s and 60’s, who were recalling the 
settlement during the generalized period of their youth. In one pattern, elongated 
rectangular enclosures lie one above the other forming a line of terraces (Fig. 9 Pariyul; 
Bungonou; Pat-tamalet; Fig 10) and, in the other, houses are loosely clustered around a 
central residence (Fig. 9 Telei). Both arrangements can be found within different
3
In two cases (Figs 7a and d) enclosures adjoining the women's section of the yard were said to have 
been pig pens, but this was not considered typical of residential areas.
4 Similar assemblages of these plant taxa were used throughout parts of Western Melanesia in rituals 
and for their magical powers (Riesenfeld 1950:657-664; Panoff 1969; Powell 1976:147-150; Peekel 
1984).
Natural and Social Landscape of Baluan 65
Fr
eq
ue
nc
y 
Fr
eq
ue
nc
y
Natural and Social Landscape of Baluan 67
Natural Area
Tt i n v n i / " i i n i n i n w " i i n i n  ^ 6 v o \ c \ o v o \ d \ d \ D \ d  t--^
Log Area
Fig. 8 Natural and Loganthmic Areas of All Mapped Residential Yards
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segments of a single settlement or, in some, one form clearly dominates. Based on 
mapped examples (Fig. 6) and observations, the series of terraced residential yards are 
somewhat more frequent and, not surprisingly, more likely in areas with steeper slopes 
(Fig. 10). The defined, rectangular area between the active residences, often said to 
have been former housesites, supported stands of edible fruit and nut trees. Some were 
designated as disposal places for “rubbish”, including kitchen refuse and that swept from 
the house floor and residential yard. Distinct concentrations of pottery and obsidian still 
mark some these “rubbish” areas.
To some degree, the arrangements of residential yards demonstrated by informants 
reflect household rank within the lineage or clan. Where residential yards were 
clustered, the central house belonged to the head of the clan or lineage, a position 
which, ideally, passed to his eldest son on his death either in the same location or in the 
central position of a newly constructed complex of yards. His younger brothers or the 
junior lines of previous generations were situated to the sides of the central house.
Often the younger brothers remained in the house of their father or eldest brother until 
they had children and found the means to construct their own house. In the terrace-like 
arrangements, the eldest or recognized senior male in the lineage or clan resided in the 
uppermost terrace, while the households of the second and third ranking males resided 
below him in that order Other than these clear examples, the general impression 
created by the observed and mapped examples is that many of the loose clusters and 
associations of residential yards probably reflected some level of grouping by lineage or 
clan affiliation. This is supported by examples in Perelik settlement where the odd house 
or two not clearly aligned with any group were the residences of relatively recent 
recruits from other settlement groupings or lines that had split from a clan within the 
same settlement (Fig 9)
This absence of clear and consistent patterns within a settlement grouping may be, in 
part, an artifact of the frequent instabilities of settlement alliances and the high degree of 
residential mobility even within settlements. The dynamic nature of residence affiliations 
and location are illustrated in the mapped examples. Fragmentation of a clan with the 
creation of a separate residential grouping is exemplified by the three houses at Pat- 
tamalet in Perelik (Fig. 9). The lineage occupying this series of terraced residential 
yards had been part of the clan residing together at Laliomon but they left this group 
after a major dispute arose. Amalgamation or concentration of residences is evident in a 
portion of the Manuai settlement group (Fig. 10). A household located at Soibwat 
moved to the location named Wumsung for an unknown reason and, following this 
move, a group residing to the southeast relocated to the area called Mwaipuleyep, a 
move that was prompted primarily by a serious reduction of their numbers by disease.
In Perelik the area labeled Sauka (Fig. 9) was named for a major clan in the territorial 
division of Lipan after a lineage fled the Sauk clan because of a dispute and took up 
residence in Perelik. The residence located immediate northeast of Telei was also said 
to have joined the Perelik settlement under similar circumstances. The series of 
residential terraces belonging to the Sapongapeng clan of Lipan were not all inhabited 
within the same generation and illustrate a gradual seaward shift in occupied yards over 
time (Fig. 6a, northern end). The older residences were located at the up-slope end of 
the complex, while the two subsequent generations established houses in progressively 
seaward locations. At least one of these shifts was attributed to large numbers of deaths 
in the clan.
Natural and Social Landscape of Baluan 70
Archaeological Questions of Population Estimates, Rank and Status
Description of these two levels of settlement organization allows two frequently asked 
archaeological questions to examined. As mentioned in the chapter introduction, 
settlement data has been used as a means of estimating past populations and as evidence 
of social complexity if households are clearly differentiated by rank or status. In both 
cases, the combined physical and ethnographic evidence suggests caution in the use of 
data from Baluan.
Estimating past population size or density based on the number of recognizable 
residential yards or the area encompassed by the settlement group is tenuous given the 
apparent instability in clan and settlement alliances and the high degree to which 
residential yards could be established and vacated within a relatively short period of 
time. This includes not only residence shifts among settlements, but those occurring 
within settlement complexes and within a single generation. These factors make it 
nearly impossible to assume that recognizable residential yards were inhabited 
contemporaneously and, compounding the problem, is the high number of intervening 
enclosures within a settlement grouping which were not necessarily inhabited but could 
be mistaken for residential sites, particularly if the area had been abandoned for a long 
period. In addition to the dispersed nature of residences within the settlements, the 
tendency of settlements to expand and contract due to the loss and acquisition of 
settlement members makes establishing general settlement boundaries and, therefore, 
estimating the area within these boundaries nearly meaningless.
Consistently recognizing higher status residential yards, without informant verification, 
would also be nebulous. The most commonly used evidence to argue the presence of 
higher status residences is a combination of attributes such as structural size, complexity 
of the structure and the diversity of associated feature types. In the case of the Baluan 
residences, the number of attributes are limited to the size of the residential yard and, 
perhaps more importantly, the size and degree of formalization in the men’s section of 
the yard where ceremonial exchanges occurred. Ethnographically, the most distinctive 
feature of the senior household at the level of lineage, clan or settlement group was said 
to be the actual size of the house itself, particularly its height. This distinction was 
emphasized even more strongly in characterizing the house of a Japan, which was seen 
as the most important in a settlement. For followers to build a house larger or taller 
than that of the Japan was a presumption and a challenge with the follower being 
accused of advancing his own “name” above that of the Japan. Archaeologically, 
however, this attribute is not recognizable except where stone alignments occasionally 
marked the perimeter of a house, and this did not happen with sufficient frequency to 
provide comparative data. In examples where informants could identify the residential 
yard of the senior household of a clan or that of a Japan, the yards were larger than 
those of their immediate neighbors. Attempts, however, to compare these size 
differences among clans and lineages of different ranks, either within or among 
settlement groupings, could not produce a consistent hierarchical pattern. Even in 
examples where the residence of a lapan was known to have moved, the size of the 
subsequent household yard was not necessarily proportionate to that of its predecessor 
nor were they predictably larger or smaller. This lack of any clear hierarchy, spatially 
and temporally, may be supported by the absence of strong groupings in the frequency 
distributions of yard areas (Fig. 8).
Natural and Social Landscape of Baluan
Gap not to scale
Fig. 9 Segments of Perelik Settlement Showing House Locations in the 1920's and 1930’s
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Fig. 10 Segments of Manual Settlement Showing House Locations in the 1920 s and 1930 s
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The size of the gathering or bung- area in front of the house and the degree to which 
this area was formalized proved to be a slightly more reliable indicator, particularly in 
the case of lapan residences. This is in keeping with the respective roles of senior 
members in ceremonial exchanges and, in the case of a lapan, with the need to 
orchestrate and preside over large exchanges upon which the maintenance of his rank 
depended. Degree of formalization was indicated primarily by the pronounced creation 
of level square or rectangular areas, distinct stone alignments around these areas (Fig. 7) 
or retaining walls along the edge of terraces. Again, however, degree formalization was 
most effective at the localized level and did not provide an absolute measure among 
settlements or non-contemporaneous sites. Clear distinctions may be obscured by the 
need of all lineages to conduct exchanges in their residential yards instead of that of the 
lapan or in a communal area, suggesting that all lineages and clans would need an area 
for these functions regardless of that constructed by the lapan.
Attempts to identify patterns in the placement of ranked households within settlement 
groupings resulted in two possible generalizations. In one, the lapan residences were 
located near the approximate center of the settlement and, in the other, they were 
situated near the edge where major trails entered the settlement. The placement of Telei 
in Perelik (Fig. 9) is an example of a central location while those of the Parioi and 
Manuai groups exemplify the other. In the case of Parioi, the lapan residence was 
located at the southeastern border of the settlement while that of Manuai was at the 
northwestern edge, positions which put both residences well within a few hundred 
meters of each other. In another example, that of the Munukut group, the lapan 
residence was said to be located at the northern edge of the complex where a major trail 
entered the settlement. Again the reliability of these generalizations is obscured by 
frequent changes in the configuration and size of settlements and the potential frequency 
with which a lapan residence could move.
Distribution of Settlement Groupings
The most distinct and consistent settlement pattern, however, is apparent in the third 
level of analysis; that which examines the distribution of settlement groupings across the 
island. The distribution of all recorded settlements on the island clearly shows a 
concentration of residences in the northern half of the island and, in particular, along the 
northern slope (Fig. 11). Examples of the dynamic histories of these settlements suggest 
that these frequent instabilities repeatedly reinforced this orientation towards the 
northern slopes. Depicted in Figure 11 are all settlements and residential sites identified 
by informants as having been occupied in their youth, within the lifetimes of their parents 
or grandparents or during an unspecified time in the distant past. Not included are 
temporary houses established for gardening or fishing. Except for some inhabited in the 
distant past, almost all these sites are recognizable as residences by their leveled ground 
surface and rectangular form. The settlements shown were not occupied simultaneously 
and, as will be demonstrated below, the instability of residence groupings and the 
frequency with which residences shifted made establishing a clear chronological 
sequence of occupation nearly impossible, particularly among the different settlement 
groupings. Due to time limitation and often dense vegetation, settlement location, size
5 In the following text, all New Guinea Pidgin terms are underlined to distinguish them from those of 
the local language.
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and configuration could not be depicted with equal degrees of accuracy, requiring that 
they be shown at three confidence levels6 7.
Examples given in the following discussions illustrate the dynamic settlement history of 
the island and the manner in which settlement of the north slope was strengthen through 
time. Included is the abandonment of entire settlements; fragmentation within a 
settlement group which led some clan members to join neighboring settlements; multiple 
shifts of an entire settlement group; and fragmentation within a settlement group which 
was subsequently reinforced each time the group moved. Despite an ample number of 
examples to illustrate these points, it was also clear that these movements did not occur 
uniformly within all clans or settlement groups, nor did all groups have traditions of 
major settlement shifts. For example, groups within the territorial division of Pungap 
claim that they had no such traditions and that some of the residential yards had been 
occupied consecutively by four generations of senior males.
Probably the most dramatic of the settlement shifts was the abandonment of at least 
seven residential areas in the territorial division of Leut and a neighboring settlement of 
Pumpai which was affiliated with the Munukut groups (Fig. 12). Sometime in the latter 
half of the 19th century a large number of deaths occurred in these settlements during 
and after a large ceremonial exchange sponsored by one of the lapart1. The survivors 
and their descendants eventually joined those settlements on the north slope with which 
they had sufficient kinship ties, instead of regrouping and establishing a composite 
settlement along the northwestern slope.
The history of Parioi settlement illustrates fragmentation within a single clan and the 
mass movement of the entire settlement group twice. When the Parioi settlement was 
located in the area marked A in Figure 12, a junior member of the Poipoi clan became 
involved in a fight and killed a member of the lapan line. He and his follwers then fled 
and hid in the bush of the neighboring territorial division of Manuai (Fig. 12, location 
B). Despite the dispute, one Poipoi line remained in the Parioi settlement, while the 
lineages that fled eventually joined the settlement of Manuai directly to the south of A 
(Fig. 12). After a time, the Poipoi lines residing in Manuai split again, with half 
rejoining the Parioi settlement and the other half remaining allied with Manuai because 
some members had married women of Manuai clans. Although these shifts represented 
major changes in alliances and residences, the marriage and exchange ties that follow 
kinship continued intact within the dispersed Poipoi clan. These ties are still quoted to 
explain why a marriage was arranged between two people or why someone was 
obligated to participate in a particular exchange or ceremonial feast. Sometime after the 
splitting and partial reuniting of the Poipoi clan, a “big man” (presumably a lapan) of 
Parioi killed a man in the neighboring settlement of Perelik. When Perelik prepared to
6 At the first confidence level, settlements or portions of them were mapped in detail and located with a 
high degree of reliability. At the second level the extent, configuration and boundaries of settlements 
could only be estimated, although their locations are relatively accurate. Settlements at the third 
confidence level were visited too briefly to be adequately assessed and their extent relied primarily on 
hearsay.
7 Although attributed to “poison" in the food intentionally distributed to avenge the failure of some to 
follow customary mourning observances after the death of the lapan's son. such rapid and widespread 
deaths suggest an epidemic arising out of increased contact with foreign traders during that period 
(King 1978: Carrier and Carrier 1989:74-75).
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avenge this death by enlisting the aid of allied groups from the settlements in Sone and 
Lipan, the entire settlement of Parioi fled from location A to C (Fig. 12). After a 
number of years the entire group moved to location D, where, once established, they 
organized a large feast to restore peace between the two initially disputing groups.
Once amends were made, the Parioi group returned to the location of their original 
residence, marked A. The fathers of men now aged between 60 and 70 were said to 
have been very young when the first move occurred and to have been between boyhood 
and adulthood when the settlement returned to its original position. This places the 
sequence of events between 1890 and 1910, meaning that there were three major shifts 
in settlement location in less than 20 years.
For the Munukut group, a total of four major shifts were recounted from a time that is 
beyond genealogical reckoning, to the period of Australian administration in the 1920’s 
and 1930’s and after World War II. At an unknown time this group resided in the area 
marked A (Fig. 12) but abandoned this location after a major dispute arose with 
neighboring groups. The Munukut eventually settled on the edge of the crater (B), 
where they remained until the parents of men and women now in their 50’s and 60’s 
were born. In the next major move, the settlement at the crater’s edge was abandoned 
and the group split into two segments, one located in the area marked C (Fig. 12) and 
the other slightly to the east. Most men and women from this group now aged between 
50 and 60 were born in these down-slope settlements. During the 1930’s when the 
Australian administration encouraged scattered groups to form large amalgamated 
settlements, the two segments moved again. The segment living at C joined a newly 
formed residence grouping in the territorial division of Lipan (E) and the other segment 
settled adjacent to the major Manuai settlement (D). After World War II when the 
coastal settlements were formed, both segments remained with those groups with whom 
they had established residency in the 1930’s. Although the major impetus for the two 
more recent shifts was external, both segments formed new alliances with other 
settlement groups but continued to exercise kinship ties with their original partners for 
purposes of exchange and marriage.
Several specific traditions indicated that settlements were slightly more dispersed in the 
distant past, but even these conform with the general concentration of residences along 
the north slope and their subsequent movements show an increased or periodic 
contraction towards this core area. For example, two settlements (Fig. 13) in the 
territorial division of Perelik were said to have joined to create the settlement which 
eventually became the main settlement grouping in Perelik for at least four generations 
until the late 1940’s. Showing a similar trend is the distribution of residences which 
informants claimed were inhabited for relatively short periods before the households 
again joined a major settlement grouping (Fig. 13). Some informants from the territorial 
division of Lipan characterize settlements in the very distant past as being more 
dispersed than can be reconstructed from recognizable remains today. They could not, 
however, demonstrate these very general claims by identifying any of the more dispersed 
locations.
Although the basis for this skewed settlement pattern (Fig. 11) and its antiquity relies 
primarily on the strengths and consistency of oral histories, archaeological field 
observations support, to some extent, the long-term concentration of habitation along 
the northern slope. The surface spreads of pottery sherds and obsidian flakes which are
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scattered throughout the island occur in higher densities on the northern slope, 
particularly at lower elevations. No structural features or leveled areas recognizable as 
residential yards were found beyond the major settlement concentrations with the 
exception of those established by the Parioi group when they temporarily abandoned 
their major settlement in the north (Fig. 12 at C). The strength of this negative evidence 
is, however, weakened by several factors. Although substantial portions of the island 
were visited during various phases of field work, most of the south and southwestern 
slopes were not covered as thoroughly as the northern slope. Reconnaissance was 
restricted to commonly used trails if landowner permission was not obtained and thick 
vegetation often restricted ground visibility. Also, former residence sites may no longer 
be recognizable if subsequent gardening has obliterated features characteristic of 
residence yards. Most adult informants, however, insisted that no permanent or major 
residence sites were located on the southern and southwestern slopes. This was 
particularly true of members of the Munukut, Manuai and Parioi groups whose 
landholdings encompass these slopes (cf. Fig. 14). At a minimum, it can probably be 
claimed that the pattern depicted in Figure 11 is reliable to the mid-1800’s, given the 
relatively shallow time depth of retained genealogies and oral histories.
Territorial Divisions
Lands held under the jurisdiction of the major settlement groupings divide the island into 
eight major territories whose distribution and size clearly reflect the disproportionate 
emphasis on use of the northern slope (Fig. 14). While there was widespread consensus 
among informants that there were eight major divisions and that their fundamental 
shapes and sizes were essentially those shown in Figure 14,8 few agreed on the exact 
location of boundaries between the divisions. The boundaries depicted are therefore 
highly generalized to mediate among alternative claims and extrapolate between known 
locations plotted on aerial photographs. None of the major boundaries demonstrated by 
informants followed stone walls that were noticeably wider, higher or more substantial 
than any others in the continuous complex of walled enclosures that covers the island. 
Their course essentially followed a series of individual enclosure walls and so ran 
irregularly up, across and down the edges of enclosures, a route that can be imagined by 
attempting to follow any line along the enclosure walls mapped (cf. Figs 18 and 19). In 
fact, the impression created is that boundaries could easily have shifted backwards and 
forwards from one series of enclosure walls to another and that they may, in fact, have 
been as unstable as the settlement groupings they encompassed.
In discussing the function of these territorial divisions, the largest autonomous 
landholding unit on the island, informants repeatedly made three major points explicitly 
or by example; access and travel were restricted to the territory in which one resided and 
held land; recognition of a single leader was the major factor unifying the group of 
individual landholders within a division and the divisions encompassed the primary 
landholdings of those lineages and clans residing within the territory. The restrictions on
g
Although these eight divisions are well entrenched in common usage, the status of some large areas 
within them may have been more ambiguous or flexible in the past. For example, the settlement group 
called Salnun (Fig. 14) was spoken of as an almost independent group although it is generally 
considered to be a part of Munukut and. indisputably, had strong ties to the Munukut groups. Common 
recognition of the major divisions may have been sharpened, if not stabilized, by their partial adoption 
as census and tax units by the Australian Administration before World War II and as political units in 
the more recently devised system of local community government.
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movements among territories apparently went well beyond simply limiting access to 
resources but actually restricted mobility. Entry into another division was viewed with 
suspicion unless one were visiting kin or friends with whom one had recognizable ties9. 
The emphasis on the lapan as the central symbol of territorial division arose most 
frequently when older informants justified their statements that certain enclosures or 
areas belonged to a specific division. For example, when asked which territorial division 
certain enclosures were in, they substantiated their answer by specifying the lapcm 
residence to which the owners carried food during the large ceremonial feasts. No 
doubt these alliances would have been expressed equally in terms of whom the owner 
joined in times of raids or battles before wars were prohibited. In claiming that two 
divisions were truly separate and autonomous, informants stated that this had to have 
been the case because the divisions had different Japan. Conversely, some large areas 
were said not to be in different territories because they were allied with the same lapan.
The manner in which the major territorial divisions were subdivided into the individual 
landholdings of their residing members was difficult to understand or reconstruct with 
confidence. Informants were reluctant to discuss this contentious topic when so many 
land claims were being disputed in the local court system. Even the strength of broad 
generalizations repeated with some consistency was diminished by the large number of 
exceptions which informants demonstrated by example. A brief summary of these 
disputes and their probable causes help illustrate not only the sources of these disputes 
but those factors considered important in land ownership issues. Informants explicitly 
identified three major reasons for dramatic increases in land disputes over the last 80 
years. The earliest problems were attributed to substantial declines in the population 
which took place periodically before World War II while the second and third reasons 
were linked to events occurring after World War II; one being the dramatic increase in 
the population and the other being the conversion of many garden lands to perennial 
cash crops.
Presumably the dramatic population decline described by informants which occurred in 
the late 1800’s and early 1900’s was, at least in part, brought on by introduced diseases 
(Chapter 2). As a major consequence of this decline there were changes in marriage 
patterns which, in turn, had a long-term impact on inheritance claims for land. With 
fewer people, it became increasingly necessary for more marriages to be arranged 
between couples of different territorial divisions, instead of the preferred practice of 
having a higher percentage of marriages take place within the same division. Although 
inheritance and residence primarily follow patrilineal lines, the options for establishing 
and exercising certain rights through the maternal lines were considerable (Schwartz 
1963; Otto 1992). The increase in women leaving a division meant, in the eyes of 
informants, an increase in the probability that the descendants of these women would 
choose to exercise these secondary rights, either by asking permission to use lands or 
through outright ownership claims. After several generations this could effectively 
reduce the amount of land “staying” within a division, particularly if the descendants 
maintained residence in their fathers’ villages. The traditional practice of adoption may 
also have increased as the population decreased and children were redistributed among 
those lines having relatively few surviving heirs. As claims could be made through 
adoptive as well as blood ties, these circumstances further opened opportunities for
9
This was illustrated by some older people who said they had never seen noted landscape features of 
the neighboring territory’ or the southern side of the island.
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multiple claims to be made within and between divisions. Also extending these options 
for dispersed claims was the customary practice of giving land parcels to people who 
were not direct descendants of the lineage. These “agreements” generally involved the 
transfer of land to fulfill obligations or to repay debts incurred in ceremonial exchanges 
or to settle disputes by way of compensation. When combined, all these factors led to 
competing claims to land in different territorial divisions and an increasingly more 
dispersed network of landholdings that cross cut territorial boundaries and residence 
locations. It also meant that lineages were more likely to control non-adjoining blocks 
of garden enclosures within a division.
The pattern of claims created by depopulation was then exacerbated by the dramatic 
increases in population after World War II. The population of Baluan could easily have 
doubled in this period, having risen from an estimated 500 before the War (Allied 
Geographic Section 1943a, 1943b) to about 1,000 in the 1980 census (Freyne and Bell 
1982: Appendix IV). The magnitude of this growth, particularly within certain families, 
was clearly indicated by members of the older generation who had only one or two 
grown siblings but gave birth to six or eight children, most of whom survived childhood. 
The pressure to claim sole ownership of available lands, particularly through the court 
system, can be attributed to a need to feed greater numbers of people, despite a 
concurrent increase in imported foods bought with cash. With the growing size of 
families, some attempted to secure clear ownership to substantial amounts of land so 
that each of their children would inherit larger parcels. These increasing birth and 
survival rates did not occur evenly in all lineages or clans, just as diseases did not reduce 
all lines equally. Thus challenges for land based on remote kinship ties or maternal lines 
were particularly frequent if one lineage had grown substantially in numbers, while 
others had relatively few surviving members but considerable landholdings.
Compounding this problem was a shortage of garden lands in households which had 
converted high percentages of their holdings into perennial cash crops, particularly 
coconut. Households that were thus short of land, especially those in the smaller 
territorial divisions, became more dependent on relatives or friends for permission to 
cultivate lands that were not necessarily in the territorial division of their patrilineal 
group or to pursue ownership of dispersed parcels through the courts. The post-war 
establishment of the coastal settlements contributed to the problem in that garden lands 
closer to the northern coast were in greater demand because distances were shorter for 
carrying produce from the garden to the household. The demand was accentuated by 
the fact that much of this land was also being planted in coconuts for much the same 
reason.
Most generalized descriptions of how the major territorial divisions were subdivided 
implied that holdings were, ideally, structured in a three tiered hierarchy; lineages 
controlled the use of large blocks of contiguous walled enclosures; clan holdings 
encompassed larger blocks of contiguous lineage holdings; and territorial divisions 
encompassed these blocks held by clans and linages. This pattern is reflected to some 
degree in the hierarchy of place names which informants said applied to all Baluan lands. 
Each individual enclosure, regardless of function, was said to bear a specific name, 
which was in turn subsumed by a broader place name. Recorded examples suggest that 
this second level could include between three and 15 named enclosures. This broader 
name was generally included within an even larger name, below the level of the major
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territorial divisions. Most informants claimed that jurisdiction over lineage and clan 
lands was essentially autonomous with all decisions on which lands were to be used and 
by whom remaining with the senior member of the lineage or clan. Some informants 
tended to emphasize the authority of higher-ranking members of the clans or the lapan 
in making these decisions but, suspiciously, their depiction appeared to support their 
own claims to large areas. According to some informants, the degree to which clan or 
lineage holdings remained in contiguous blocks varied among the major territorial 
divisions, there being instances in which some lineages or clans retained jurisdiction over 
several non-adjoining areas. The development of segmented land holdings is not 
difficult to visualize given the possible consequences of parcels being exchanged, lines 
forfeiting their lands if they split from the settlement grouping or a refugee line from 
another division being allocated blocks of enclosures for their use when they join a 
group.
The pronounced variation, in the size of territorial divisions and their disproportionate 
distribution cannot be explained easily by differences in the distribution of resources or 
productive land. As previously discussed, no environmental factors or informant 
descriptions suggest that land in the smaller divisions was more productive than that of 
the larger divisions or, conversely, that larger divisions covered a greater area to 
compensate for a relative paucity of productive land. No resources appeared to be of 
such value or limited distribution that territorial boundaries would expand to gain 
control of them or that smaller divisions could offset their limited land base by 
controlling and then trading scarce resources. The fact that localized variability in 
garden soils and degree of stoniness was greater than any that could be defined at a 
broader scale reduces the probability that the relative quality of garden land can justify 
differences in territorial sizes or the more intensive use of the northern slope. Older 
members of Pungap, one of the smallest divisions, claim that the land within its borders 
was sufficient to support its population, even before disease reduced their numbers, and 
that they did not depend on produce from other divisions10.
Although difficult to assess under present conditions, differences in population, political 
importance or economic strength among the divisions do not provide a ready 
explanation either. Some informants believed that the divisions of Lipan and Leut had, 
in the distant past, significantly higher numbers of people than the other settlement 
groups. These divisions, however, are not proportionately larger than other divisions 
and, in fact, rank fourth and fifth in size of all divisions. Certain groups were noted, in a 
very general sense, as having been more successful or stronger in warfare during certain 
periods, but nobody suggested that these divisions gained distinct political control over 
other settlements or large segments of their landholdings. Neither were there any widely 
held claims that some divisions were more wealthy than the others for extended periods 
or that greater economic strength could be explained by differences in territory size.
Trail Network
The major trails of Baluan were all well defined and many segments of the former 
network remain despite their gradual abandonment for more direct and less narrowly
10 Their claim to have specialized in the production of coconut oil may have contributed to this 
independence, although comparable specialties were not recorded for the other smaller divisions as 
offset for their relatively limited land base.
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defined routes. With very few exceptions, these narrow trails were defined by two walls 
spaced 0.75 to lm apart. Older informants, demonstrating heights of nearly 2m, 
consistently stated that the walls bordering these trails were built and maintained at 
much greater heights in their youth in order to protect the users from surprise spear 
attacks. Current wall heights, ranging between 0.75 and 1.5m, depend primarily on how 
tall the walls of the flanking gardens were rebuilt when last cultivated. As with the walls 
forming the garden enclosures (cf. Chapter 4), trail walls were constructed of multiple 
courses of stacked stone that were generally only one stone wide. Some informants 
emphasized that walls bounding the trails were not independent features as much as they 
were the walls of the adjoining enclosures modified to provide protection and restrict 
access. The impression that these trails are secondary to the enclosures is supported by 
the manner in which they wind through the complexes of walled enclosures as though 
their route had to accommodate the size and shape of existing enclosures (cf. Fig. 18). 
They were, however, well integrated with these wall complexes as demonstrated by the 
fact that the names of blocks of walled enclosures on one side of a trail were invariably 
different from those on the other. Despite this and the abundance of proper names 
applied to all cultivated lands, none of the trails were given specific names. They were 
simply referred to as the road (saf) that led to or from a named place.
To the extent possible, the trails depicted in Figure 15 are those considered major access 
routes on the island, or bikpela rot] 1. With the exception of some stretches near the 
edge of the central crater which pass over the thicker volcanic ash deposits, all trails 
were delineated by stone walls. Less important trails were more likely to be earthen 
than walled and apparently linked dispersed residences within a settlement grouping or 
served as temporary paths leading from major trails to actively cultivated gardens. Due 
to their informal nature no classification of trails based on variable function or 
importance could be developed beyond this broad distinction. As with the territorial 
divisions, informants strongly emphasized the role which trails played in restricting 
access. The trails were a socially visible means of accounting for people’s movements 
and deterring violations of garden tabu. Individuals moving from one place to another, 
within their own territorial division or beyond, had to stay within the trails primarily 
from fear of raising suspicion, inviting instant reprisal or straying into supernaturally 
harmful circumstances. It was particularly crucial that a residence be approached by the 
proper trail, and from the front, through the men’s working area.
When viewed alone, the distribution of the major trails gives the impression of a 
dispersed network as opposed to one that radiates from a centralized area or one with 
subsidiary routes articulating from distinct nodes (Fig. 15). The most complex stretch of 
trail segments parallels the north coast, where it links four of the eight major 
settlements, crosses through the middle of garden lands held by these four groups and 
provides intermittent access to the shore, often by way of the more dispersed residential 
clusters of a settlement. In contrast, the up-slope settlements are not as systematically 
linked with each other but are reached by more independent routes that maintain a
11 The trail routes shown in Figure 15 were plotted at different confidence levels, in part, because it was 
difficult to follow all in their entirety. Routes shown as solid lines are those plotted on aerial 
photographs at sufficient intervals to establish the general direction and approximate location of trail 
segments. Dashed lines are routes that were only partially verified, often only at their points of 
departure, with plotting of their remaining course relying on verbal testimony. Question marks note 
trails for which evidence was not sufficient to extend them as far as they probably went.
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predominantly up-slope/down-slope orientation. The major junctions from which trails 
depart inland from the down-slope settlements are not located within the major 
residential clusters; two lie between major settlement groups and two adjacent to 
residence sites at the periphery of settlement (compare Figs 15 and 16). In fact only one 
major junction lies clearly within any of the settlements. This trails from the coastal 
divisions of Sone and Perelik meet at a major junction within the settlement of Parioi 
and, from here, trails also depart for the inland settlement of Manuai and the garden 
lands of Parioi. For the inland trails providing access to the southern and western sides 
of the island, the most distinct pattern is that all run through the approximate middle of 
the territorial divisions and essentially parallel the boundaries of those divisions.
Concluding Remarks
In terms of understanding the context in which the walled enclosures developed, the 
preceding clearly suggests that patterns set by the social organization of the landscape 
were more pronounced and compelling than any in the environment. Most striking was 
the strong and disproportionate emphasis on the northern slope of the island which was 
reflected in settlement distributions, the size and configuration of the territorial divisions 
and the major access routes (Fig. 16). Environmental factors were not only weakly 
differentiated throughout the island, but they were unable to explain the distinct manner 
in which the landscape was organized. While the settlement data say little directly about 
population size, the distribution of settlements does indicate that population densities 
were not evenly distributed.
Although this pattern is based on recent ethnographic evidence with some 
archaeological corroboration, the data suggest that this skewed settlement pattern has 
some time depth and has been reinforced over time. Documented examples of 
settlement shifts show a process of contraction towards the northern core area, whether 
it be in the more distant past or after periodic expansion. Examples include the surviving 
inhabitants of Leut and Pumbai joining settlement groups on the north slope after the 
devastating epidemic; the Parioi group ending their temporary exile by returning to the 
core area; and the progressive down-slope movements of the Munukut group from the 
crater rim The course of the walled trails through the approximate middle of the 
territorial divisions demonstrates a degree of antiquity and stability in the general 
configuration of these divisions. Although individual trail segments essentially follow 
alignments previously set by the walled enclosures, the trends of these trails in their 
entirety are consistent with the territorial divisions and suggest a long-term commitment 
to a route that provided equitable access to garden lands on either side of the trail.
Even if environmental factors had little affect on the uneven pattern of landuse, the more 
intensive use of the north slope would clearly influence terrestrial and marine resources. 
The location of the Munukut, Manuai and Parioi settlement groupings and their 
territories on the north slope essentially constricted the size of the down-slope divisions 
of Perelik, Sone, Punghap and Lipan, leaving the upslope divisions with control over 
much larger inland areas. Within a regime of shifting cultivation, this constriction would 
not only limit the amount of garden land available to the down-slope settlements but, 
presumably, it would force fallow periods to be shorter and would reduce the number of 
advanced, secondary growth communities which support a more diverse range of plants, 
animals and birds. For the inland settlements, the benefits of having larger land bases 
would be offset by disadvantageous access to marine and shoreline resources and by the
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distances individuals needed to travel to garden lands. This is clear, visually, in the case 
of Parioi and Manuai whose settlements were located at the extreme and most narrow 
ends of their territorial divisions (Fig. 16). With territorial jurisdiction extending from 
the shoreline to the reef edge, members of the up-slope settlements had to walk much 
farther, if not cross the island, to fish or collect marine shells. Another limitation was 
access to water from shoreline springs. Although inland villages dug artificial, clay-lined 
ponds to hold water for household purposes and had other means of collecting rain 
water, during dry periods they were forced to carry water long distances from shoreline 
springs or, more frequently, seek permission of the down-slope inhabitants to use the 
springs along the northern shore. Whatever drew, and repeatedly drew, these 
settlements towards the northern slope must have been sufficiently compelling to 
overcome what appears to be fairly distinct disadvantages for all groups.
A major factor underlying this organization of the landscape was the inherent instability 
of settlement groupings. Political leadership of the Japan was moderately evident in 
residential structures, in the organization of settlements and in informants’ definitions of 
the territorial division, but the alliances formed with these leaders was not sufficiently 
strong to create stable settlements or, possibly, distinct territorial boundaries. As 
characterized by Schwartz (1963) and clearly illustrated by the Baluan examples, the 
alliances binding these groupings were economically weak, resulting in frequent shifts in 
residence locations. These instabilities and the movement of people among territorial 
divisions may, in turn, explain the apparent flexibility in territorial boundaries, the 
absence of substantial walls marking them and their tendency to follow an irregular 
course set by the walled enclosures. If settlement alliances were weakened and portions 
of the group joined a neighboring settlement, blocks of garden lands could have been 
shifted from one division to the other While these changes may have affected the 
peripheries of the territories, at least some long-term stability in their configuration is 
suggested by the distribution of major trails.
Chapter 4
Agriculture and Arboriculture
This chapter describes the two aspects of subsistence, agriculture and arboriculture, 
whose biological and human components will allow issues of intensified production to 
be addressed and the development of the walled garden enclosures to be explored. The 
implications of agriculture are more obvious and direct. Described will be the primary 
and secondary crops grown, the cyclic procedures of gardening from clearing a new plot 
through harvest and the broader organization of shifting cultivation across the 
landscape. Together these aspects of gardening provide a basis for assessing yields, 
labor requirements, frequency of cultivation, enclosure function, pig husbandry and 
surplus production in the form of crops grown for ceremonial exchanges. Implications 
of the second aspect, arboriculture, are more indirect. In his work on the Solomon 
Islands (Yen 1973b, 1976, 1985a; Kirch and Yen 1982:38), Yen not only considers 
arboriculture a potential form of intensification, but he suggests that, in impetus and 
consequence, a strong arboricultural component may have much in common with the 
formation of walled garden systems. Both represent long-term investments in 
production; they delineate the landscape for extended periods; and they effectively 
reduce flexibility in a shifting pattern of cultivation. He described the dedication of 
specific areas to perennial tree crops as a means of “restricting land-plot rotation 
practice”, of extending the “swidden cycle both spatially and temporally for long-lived 
trees” and of rendering “stationary the intervening fields of annual crops” (Yen 1985a: 
497; Kirch and Yen 1982:38). Once established, these restrictions then serve to 
“consolidate boundaries” among the field holdings and reinforce the long-term use rights 
that are commonly “inherent” in the ownership of tree production. Walled field 
boundaries also reduce flexibility in swidden rotations by fixing individual garden size or 
configuration and by giving ownership patterns a formalization and potential longevity. 
On Baluan, description of 23 fruit and nut trees and the plant assemblages they created 
allow these possible parallels to be explored as well as those implying that they represent 
a form of intensified production.
After a brief summary of walled gardens in Manus, the chapter begins with descriptions 
of the fundamental components of the individual garden: the walls that define a garden 
plot, the structural features within it, the crops cultivated, gardening procedures and 
annual cropping cycles. The next section portrays the organization of these individually 
defined gardens over time and across the landscape. Particular attention is paid to 
distinctions made between gardens planted for household use and those dedicated to 
ceremonial exchanges. This is followed by descriptions of the pronounced arboricultural 
component, including the diversity, composition, structure and spatial distribution of 
these tree crop assemblages. To assess yields, production is examined in terms of 
frequency of fruiting, reliability, seasonality and the extent to which they are integrated 
with or complement other sectors of subsistence, particularly as a supplement to crop 
shortages. Plant propagation and selection are also considered as both could suggest 
not only aspects of genetic intensification, but the rate at which the arboricultural 
assemblages could have developed. The chapter ends by identifying those 
characteristics of gardening and tree crop assemblages which are potentially the most 
significant in understanding the development of the walled garden enclosures and 
aspects of intensification.
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Walled Gardens in Manus
The apparent uneven distribution of walled field systems in Western Melanesia may be 
exemplified in Manus, where walled agricultural complexes appear to be unique to 
Baluan and the small, neighboring island of Pam. When this topic was raised with 
people from Baluan and other areas of Manus, most said that similar walls were not 
found elsewhere. A few claimed that some walls were present on the small islands of 
Harangan and Nauna, one of which lies off the northwest coast of Manus and the other 
approximately 100 kilometers to the east. Their descriptions of these, however, were 
vague and lacked the consistency with which most Manus islanders can depict the 
abundance of stones and walls on Baluan. It therefore seems unlikely that extensive 
stone field systems do occur elsewhere in Manus, particularly since it has no other 
volcanic islands with comparatively high percentages of stone and rich ash soils. The 
only earthen terraces seen were those constructed for residential purposes in the Manus 
interior where villages were sometimes built on sloping land. Riesenfeld (1950:393,
559) cites three references to the walled gardens on Baluan and Pam (Schnee 1904:204; 
Nevermann 1934:257, Broek D ’Obrenan 1939:175). His only other references to 
Manus are a stone wall surrounding a village on Harangan Island; alignments of single 
stones forming rectangular courtyards in front of houses on Lou Island; and coral-rubble 
platforms used for public events in the stilt-house villages off the south coast of Manus 
(Riesenfeld 1950:393).
The Structure and Use of Gardens
The image of a customary garden (,kcmum), how it appeared and what it contained, 
could be faithfully recreated by any adult resident of the island. Each individual garden 
was defined by a stone wall enclosure which almost always formed a rectangular or 
square plot (Figs 17 to 19; Plates 1 and 2). Throughout its interior numerous stone piles 
and rock alignments of various sizes and configuration were interspersed among patches 
of soil which were systematically heaped into planting mounds (Plates 3 to 6). The two 
major crops, the yams Dioscorea escu/enta (suwe) and D. alata (meyen), completely 
dominated the areas with soil, each tuber sprouting from a heaped soil mound and 
sending its vines up symmetrically bundled stakes or tree trunks left standing for this 
purpose. Secondary crops always grew in, or at the base of, the stone piles or along the 
enclosure walls and consistently included species of both Australimusa and Eumusa 
bananas, sugar cane (Sacchanim officinarum) and, according to some informants, 
limited amounts of taro (Co/ocasia escu/enta). No garden was complete or likely to 
succeed without an abundance of colorful and aromatic herbs and shrubs, particularly 
Ocimum spp. and Plectranthus spp. which were planted with the secondary crops in, or 
along, the abundant internal stone features of the garden. In addition to their ornamental 
qualities, these herbs and shrubs played a major role in various forms of garden magic 
and ritual. Occasionally, one or two trees bearing edible fruits or nuts grew in a corner 
of the garden or were incorporated in the enclosure wall. The stone walls (nanat) 
enclosing each garden, only one of many forming the continuous complexes that cover 
the island, have two distinct forms and overt functions. In their collapsed state, the 
walls appear to be little more than alignments of amorphous stone heaps that mark plot 
and ownership boundaries while the garden is left in fallow. In their standing state, they 
become narrow, gracefully winding walls that reach heights of 1 to 1.5 meters and 
protect the actively cultivated gardens from interference by pigs, humans or the
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Fig. 17 Distribution of All Mapped Walled Enclosures. Note: The boundary at the edge of the
depicted complexes is an artifact of sampling. All areas between the depicted samples and 
nearly the entire island are covered with a continuous senes of enclosures.
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Plate 1 Aerial Views of Planted Gardens. Surrounding gardens are coconut stands, 
abandoned gardens in various stages of regrowth and scattered fruit and nut 
trees.
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Fig. 18 Examples of Mapped Walled Enclosures in Area with Gradual Slope (Perelik Territorial 
Division)
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Fig. 19 Examples of Mapped Walled Enclosures m Area with Pronounced Slope (Munukut 
Territorial Division)
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Plate 2 Cleared Garden before Final Burning and Sweeping (sisyik)
Plate 3 Cleared Garden after Final Burning and Sweeping. Note accumulation of stones 
adjoining enclosure wall in which secondary crops are planted
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Plate 4 Internal Terracing in Cleared Garden. Note creation of level planting surfaces 
adjacent to outcropping which is not reinforced with stone
Plate 5 Stone-Clearing Mounds within Garden Enclosures
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Plate 6 Internal Terracing and Stone Mounds in Cleared Garden
Plate 7 Soil Planting Mounds. Note enclosure wall to the left borders trail
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supernatural. Although the basic alignments of collapsed walls are always recognizable, 
their height and width vary enormously and essentially defy meaningful measurement for 
comparative purposes. Basal widths can range from 0.75 to 1.5 meters with substantial 
differences occurring among walls within a complex or even along the course of a single 
wall, while their heights primarily depend on when and how well the walls were 
reconstructed during the last use of the enclosure as an active garden. These alignments 
not only encompass portions of slumped walls but incorporate loose stones that 
accumulate along the garden periphery when stones are repeatedly cleared from the soil 
(Plate 3). Most accumulations are fashioned into planting surfaces for secondary crops 
once the standing wall is reconstructed.
When reconstructed, the free-standing enclosure walls are made of layers of stacked 
stone laid down in courses which are no more than one stone wide (Plates 3 and 7).
Wall width coincides with that of the largest stones used, generally ranging between 15 
and 40 cm. The rough and irregular surface of these basaltic rocks probably helps hold 
the stacked stones in place, but most of the structural stability of these otherwise 
precarious-looking walls comes from the undulating or serpentine construction of the 
wall alignments. As opposed to many free-standing walls that derive their stability from 
distributing the weight of a battered wall over a broad base, the Baluan examples rely on 
“geometry instead of mass” to achieve stability, or what has been called the “most 
efficient method of developing stability” (Corkill, Puderbaugh and Sawyer 1974:48). 
Undulating walls serve as prime examples of stable bearing walls whose strength rests 
on the principle that “stability increases as the radius of the curve decreases” (Corkill, 
Puderbaugh and Sawyer 1974:48). Within this context, however, the eventual collapse 
of the garden walls after the garden has been abandoned may suggest that the efficiency 
of this construction method is a short-term solution, while construction of more massive 
walls, despite the initial increase in effort, would have been a better longer-term 
investment. The aesthetically pleasing and structurally important serpentine nature of 
wall alignment could not be captured at the scale of the figures presented here.
Pigs are the most prominent and frequent reason given for wall construction although 
the effectiveness of these precarious-looking walls to exclude pigs was questioned by 
Wooton who visited Baluan in 1947. He was also told that pigs were the major reason 
for the walls and noted that they needed reinforcing by a frameworks of sticks and 
coconut fronds to be effective (Conroy 1947). Although not stated explicitly by 
informants, the walls may also be significant in the supernatural realm, given the 
enormous emphasis placed on garden rituals and tabu. In particular, the importance of 
excluding damaging smells or noises and unfamiliar people from active gardens could 
help justify the repeated reconstruction of walls that are neither massive nor substantial. 
Soil retention cannot be considered a major function of enclosure walls although some 
informants did mention this as one of their functions. Some walls act as retaining walls 
for accumulated soil in the steeper gardens but, unlike residential yards, gardens are not 
terraced to the extent that the local landscape was altered by slope cuts and the 
construction of retainer to hold fill and create level planting surfaces. When the down- 
slope walls retain soil, the level ground created rarely extends more than 3 or 4m up- 
slope, where the natural slope resumes and the garden surface is intermittently broken by 
scattered mounds and alignments.
The repeated rebuilding of the garden walls clearly aimed at recreating a previously 
existing format despite numerous opportunities to alter the design. Observations and
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informants indicated that the general alignment and position of the walls remain 
constant, in part because a person’s ability to reproduce and maintain these 
configurations reaffirms ownership of the garden. An owner’s prerogative is also 
demonstrated by his knowledge of the exact locations of single points which mark four 
corners of the garden and a center. These points and the terminology applied to the 
stone-walled enclosures1 conceptually reinforce the dominant rectangular or square 
shape of most enclosures and are applied even to enclosures that appear to defy the 
definition of a rectangle (Figs 18 and 19). These co-ordinates not only orient wall 
reconstruction but also direct rituals that are part of planting and are used in giving 
instructions to garden workers.
Although more informal than the enclosure walls, internal features are the most 
abundant and possibly the most significant and functional structural component of a 
garden. They are clearly the result of removing and concentrating an abundance of 
stone to create predominantly soil planting areas. Although highly variable in size and 
form, most are roughly circular or elongated mounds (putput) composed of small, loose 
stone (Plates 5 and 6). Typical dimensions vary from 0.5 by lm to 1 by 3m with heights 
rarely being greater than 0.75 m. Short stone alignments are the second most common 
feature and create minor terraces that retain soil and form localized level planting areas 
(Plate 4 and 6). Many mounds and alignments incorporate or extend from immovable 
rock outcrops which are also prevalent in many gardens. The relative abundance of 
these feature types, and their distribution, varies greatly among the gardens, reflecting a 
high level of localized differences in the degree of stoniness and slope. As an 
approximation, the percentage of ground surface covered by internal features can be as 
high as 60 to 70% or as low as 20%. There was no indication that garden size increased 
or decreased to accommodate these differences. With one exception, the mosaics 
created by these features and intervening soil deposits exhibit no pattern or systematic 
arrangement, most appearing to be individual responses to immediate circumstances.
The exception is elongated mounds (parcmpotpot) that apparently delineate standardized 
areas within gardens which are repeatedly planted for ceremonial exchanges. Each area 
represents the number of baskets containing planting stock needed to successfully plant 
a particular garden and to estimate probable yields.
As with the enclosure walls, these internal features appear to remain constant despite 
repeated cycles of cultivation This stability was apparent during garden preparation 
when additional loose stones and organic debris cleaned from the garden surface were 
added to the features and thus acted to re-formalize them and, with the additional 
organic material, enhance their value as planting areas for secondary crops. The small 
alignments are more easily disrupted when the garden is swept or the ground broken, 
giving the gardener more latitude to restructure portions of the garden. Although the 
enclosure walls did restrict the down-slope movement of soil and contribute to the 
removal of stone from planting areas, the bulk of these two major functions is clearly 
fulfilled by the internal features.
1 The specific terms applied to enclosures were: the up-slope wall (parun kanum or head of the 
garden); the down-slope wall (leng kanum or leg of the garden); the two side walls (asilon); the four 
corners (sukpek); and center of the garden {promvan kanum).
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Major and Secondary Crops
A major irony in discussing the dominant crops of the customary garden is that 
Dioscorea esculenta did not become the major cultigen on Baluan until sometime in the 
1870’s or 1880’s. According to the often repeated story, taro had been the major crop 
of Baluan but was replaced by D. esculenta after an insect, possibly the taro beetle or 
bore (Bourke 1982:53), decimated the gardens and destroyed the planting stock. 
Although the insect was seen as the immediate cause of damage, the fundamental failure 
of the crop was attributed to the destruction of one of the stone circles located in the 
meeting ground of a residential site2 Although this event is clearly retained in their oral 
accounts and can be placed temporally in a genealogical framework, little is remembered 
about how this change in crop dominance affected gardening practices as a whole. An 
unknown number of customs described in this chapter may not have been practiced for 
longer than 75 years before World War II or the shift in crop dominance may have had 
very little effect on gardening customs.
At least two other factors could have influenced this shift in crop dominance. Firstly, 
the almost exclusive adoption of yams created a sharp contrast to the neighboring island 
of Lou where taro was and remained the major cultigen until a 1975 blight destroyed its 
viability. Secondly, ethnographic evidence suggests that the presence of D. esculenta in 
Manus as a whole is of no great antiquity. The contrasting crop dominant between Lou 
and Baluan introduces the possibility that these difference could represent a trend 
towards specialized production encouraged by the importance of trade and exchange 
networks in the region. Such specialization would have strengthened the exchange links 
between Baluan and Lou, where mustering a quantity and diversity of food stuffs marks 
the success of important ceremonial exchanges. It would also have given each island a 
particular product to offer the Titan fishing specialists who were establishing stilt-house 
communities in the vicinity of these islands during this general period (Chapter 2). The 
ability to store yam tubers for longer periods than taro (Bourke 1982) could have been 
an added attraction to the Titan, who were reliant on trade for their starch staples. 
Environment differences between Lou and Baluan could have influenced the adoption of 
yams on Baluan. Informants insist that Baluan is slightly drier than Lou, a variable 
which they see as being exaggerated by the predominance of stones in the Baluan soil, 
which raise soil temperatures. This difference in temperature could also be explained by 
the greater capacity of the rhyolite soils of Lou (Pain 1981) to reflect light and heat than 
the darker basalt soils of Baluan If true, then the emphasis on yam cultivation would be 
in keeping with a tendency for yams to be the favored crop in drier areas (Bourke 
1982:55). Although both islands have rich, well-drained, volcanic ash soils, most of the 
cultivated soils of Lou are younger, free of stone and more porous than those of Baluan. 
These characteristics of the Lou soils and their effect on soil moisture may have 
contributed to taro being a more viable option.
The possibility that D. esculenta was a relatively recent introduction to Manus was 
suggested most strongly when the vernacular names for food plants in Manus language 
groups were collected. Some informants stated explicitly that D. esculenta did not truly 
belong to Manus, although they were not clear on how or when it was introduced (see
7
Failure to maintain the rituals of this circle, particularly caring for a crab associated w ith the circle, 
was seen as destroying the "power' which sustained garden productivity across the island and. once 
disrupted, taro could not be successfully continued as the major cultigen.
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Pokanas 1982:168). Others were unable to give it a name in their local language, while 
they easily produced a name for D. a/ata. It is possible for cultivars to have isolated 
distributions within an island group, as demonstrated by the restricted distribution of 
kava (Piper spp.) to the southeastern islands of Manus, but a comparison of varietal 
names on Baluan also suggests the recent arrival of D. esculenta. The names of D. 
alata were remembered more readily and with more consistency, five of the varieties 
being ranked by their relative importance in ceremonial presentations. For the less 
prestigious but more abundantly cultivated D. esculenta, adults identified a few older 
varieties with some uncertainty and recognized many as recent introductions. This 
would support Bourke’s (1982:55; 1990:149) proposal, based on distribution and 
ceremonial importance, that D. alata is a more ancient crop in New Guinea than D. 
esculenta:\ While the arrival of a new cultigen and the decimation of an older staple 
help explain how D. esculenta became so dramatically the dominant crop, the 
opportunity to gain advantage in the trade and exchange arena can not be ignored.
Once D. esculenta became established, the roles and characteristics of the two dominant 
yam crops essentially resembled that found in other parts of New Guinea (Bourke 
1982:55). With higher yields and shorter growing times (6 to 9 months), Dioscorea 
esculenta was planted in greater numbers and constituted a larger proportion of the daily 
diet than D. alata. Dioscorea alata, as elsewhere, played a far more significant role in 
ceremonial exchanges and, although taking eight to nine months to mature, it was 
explicitly valued for lasting longer in storage, both in the ground and in storage houses. 
Before World War II the prominence of these crops and their roles remained relatively 
stable despite the very willing adoption of new crops and new varieties of indigenous 
crops during much of the 20th century. Throughout this period the increasing diversity 
of major and secondary crop plants did not alter the organization of gardening in any 
major ways. Individual gardens remained predominantly mono-specific. Placement of 
the many introduced secondary crops essentially mimics the customary garden in that all 
are planted in or around the stone-clearing mounds and alignments. The basic routines 
of garden preparation and cropping continue to be followed, although the introduced 
sweet potato and cassava now allow additional cropping of a cleared garden or the 
lengthening of a single cycle.
The biological influx began with recognizable frequency when men recruited to work in 
other parts of New Guinea returned home, a process that began before World War I and 
continued to escalate through the 1930’s. Most early introductions appear to have been 
varieties of long-established cultivars, primarily yam and banana, whose local varietal 
names commemorate the people or events that brought them to the island. Informants 
repeatedly stated that many of the older varieties, or those considered ancient, were 
displaced or rendered rare by these introductions. An early introduction, taro kongkong 
(Xanthosoma sagittifolia) was treated as an important secondary crop and was planted 
next to the internal stone features where, as a semi-perennial, it continued to produce 
side tubers after the major crops had been harvested and the garden was no longer 
tended. The most significant introductions occurred sometime during the 1920’s when 
the Australian Government District Officers (kiap) and missionaries, particularly the
3 The growing number of foreign sailing vessels in Manus during the mid-1800's (King 1978). makes 
it conceivable that a major cultigen could have been introduced during this time period. Brisk although 
cautious trade between these ships and the inhabitants of Manus is also described in journal accounts 
from this period (Mikloucho-Maclay 1884-1885; Moseley 1877, 1879; Spry 1878; Cayley-Webster 
1898; Parkinson 1907;). Although crops are not mentioned as a trade items, it is a possibility .
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Seventh Day Adventists, actively promoted the cultivation of new crops. Most 
influential were sweet potato (Ipomoea batatas) and cassava (Manihot sp.) whose use 
increased substantially after World War II when increasing population and pressure on 
accessible garden lands favored them. They both tolerated soils with lower nutrient 
levels and sweet potato had the additional benefit of maturing faster than the other crops 
(three to four months). Sweet potato frequently replaced yam as the major crop in the 
second cropping of a garden and allowed an additional third cropping. Cassava 
tolerated even poorer soils than sweet potato and often dominated the third cropping of 
a garden. In addition, both cultigens had the advantage of being propagated through 
vine or stem cuttings which, unlike yams, did not require the maintenance and 
preparation of a planting stock that sacrificed at least part of the edible tuber. These and 
other introduced cultigens may have had a more significant impact on the customary 
supplemental foods than on the dominant crops. This was particularly true of the tree 
crops, whose former role informants explicitly likened to the use of sweet potato and 
cassava today and whose declining use is attributed to increasing reliance on these 
introductions. As the population becomes increasingly more mobile, even greater 
numbers of varieties, crops and ornamental plants are introduced every year4.
Gardening Procedures and Cultivation Cycles
Cultivation of a customary yam garden occurred in three named stages between the 
clearing of the bush (alelit or lalelit) for initial planting and the garden’s final 
abandonment. For the first cropping of a garden, called ka/mat, nine major procedures 
were followed to prepare, plant and harvest the initial crop (Appendix A)5. The process 
began with clearing the chosen plot of all shrubs, herbs and vines from the understory 
and then killing and felling all but the larger canopy trees. The larger trees were left 
standing but most of their smaller branches were broken to allow sufficient light for the 
crops. The accumulated debris was left to dry and then burnt, after which the ground 
surface was meticulously cleaned and swept. Once clean, secondary crops and 
ornamental shrubs were planted within or at the base of the stone clearing mounds and 
the ground broken to loosen the soil. The soil planting mounds could then be formed, 
the yams planted and stakes constructed for the yam vines to climb. The garden was 
weeded until harvest six to nine months later for D. esculenta and eight to nine months 
for D. a/ata. Harvesting of D. esculenta would be completed within two weeks to a 
month and, once sorted into those to be eaten and those to become planting stock, the 
yams were placed in a garden house for storage. In the second cropping of a single plot, 
called soeyip, preparations included localized burning, clearing of debris and re-shaping 
the earthen mounds around tubers (called kapou in this context) that had been left in the 
ground during harvest. After the second harvest, all tubers were removed and the 
garden was now called pinang or that which only contains food that can be harvested
4 The array of secondary crops in the gardens can now include the following: pawpaw (Carica 
papaya). small tomatoes (Lycopersicon sp.). aibika (Hibiscus manihot). pumpkin (Cucurbita 
moschata). corn (Zea mays), peanuts (.Arachis hvpogea). cucumber (Cucumis sativus), pineapple 
(Ananas comosus). watermelon (Citrullus lanatus). carrot (Daucus carota). snake bean. (Vigna 
unguiculata subsp. sesquipedalis). winged bean (Psophocarpus tetragonolobus). common bean
(Phaseolus vulgaris), lowland pitpit (Saccharum edule) and chives (.Allium schoenoprasum). All are 
European introductions that have been adopted throughout much of New Guinea (Powell 1976; Bourke 
1990).
5 This sequence of gardening activities essentially follows that recorded in 1947 (Conroy 1947: 38), 
suggesting a long-term consistency to these depictions.
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from perennial, secondary crops. Once the perennials stopped bearing or were 
smothered in secondary regrowth, the garden was again simply called bush (<aleht).
As is common in Oceania, the initial cutting and clearing of the bush was done by men, 
while women tended the garden. What is at odds with practices elsewhere, particularly 
for yam cultivation, was that women planted and performed all the rituals associated 
with planting (cf. Barrau 1965:337-339). Ideally, every grown woman in a household 
tended and bore responsibility for at least one garden a year. Strict taboos were placed 
on the gardens from the time the yam vines took to the stakes and harvest. Although 
restrictions occurred before and after this period, particularly during planting, none were 
as strict as those occurring in this critical six months. Any indication that restrictions 
and rituals were not being followed, particularly if expressed by low productivity, could 
have damaging social and supernatural consequences for the woman responsible for that 
garden. A productive garden, however, added much to her personal prestige and that of 
her line.
Underlying most restrictions and rituals was the belief that various noises and smells, 
particularly unfamiliar ones, were harmful to the health of yams. During the critical six 
months, the woman gardener could not sleep with her husband because yams did not 
like the “smell” of men. Salt water was thought to cause leaves to spot and shrivel, so a 
woman going to a garden could only wash in fresh water, not in salt water. The smell of 
meats, such as fish, cuscus, flying fox or pig, was damaging to the crop, so the women 
must be clean of these. The smell of death was particularly harmful and women who 
had tended the body of a relative were restricted from the garden for a set period of time 
and would then have to cleanse themselves with aromatic plants before returning to the 
garden What a woman wore should be simple and not include the color red, bright 
flowers or ornaments that shone To avoid disturbing noises, the bush neighboring a 
garden should not be cut during this period A general taboo to sustain garden 
production, one in keeping with the avoidance of salt, was that all refuse from garden 
products or any of the food plants had to be disposed of on land and not thrown into the 
sea The general emphasis on smells and creating a protected and conducive atmosphere 
underscores the fundamental importance of profuse plantings of aromatic and colorful 
herbs and shrubs throughout the gardens. The actual rituals performed by the women 
apparently involved the repetition of phrases and handling of leaves of these aromatic 
and colorful plants. The exact protocal used varied among women from different lines 
and was guarded with secrecy.
The annual gardening cycle began with the rising of the Pleiades (sasa) in the east which 
marked the time when the bush should be cleared and burnt. The weather was drier at 
this time (September and October) as the season of the southeasterly winds was drawing 
to a close and the bush would burn more easily. Planting commenced at the onset of the 
northwest winds, approximately November and December, which brought heavier and 
more reliable rains (McAlpine el a/, 1983:34) that were needed to induce sprouting. 
Harvest generally occurred between July and September or eight or nine months after 
planting. This period was depicted as one of plenty and one in which ceremonial “work” 
of the lapati took place. When it was again time to ready the planting stock and 
planting began, the time of “hungry” would start and people gradually relied more and 
more on “fruits” until the harvest could begin again. Although many still see this cycle 
as the optimum, some no longer follow this customary schedule and plant crops
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throughout the year. A second peak of planting activity now coincides with the seasonal 
shift of dominant wind direction, which can bring wet weather between March and May.
The gradual abandonment of these customary procedures was widely lamented by elder 
informants who unanimously claimed that the yields of yam gardens have dropped 
because staking has been largely abandoned; the larger trees supporting the vines of D. 
alata were now cut down; and customary practices, including rituals, were no longer 
followed to assure careful tending of the garden. Some changes in garden procedures 
were directly linked to the adoption of new cultigens, including increases in the number 
of times a single plot can be cropped, lengthening the time in which food plants could be 
harvested from a garden and greater flexibility in annual planting schedules. Given the 
effect of these new crops on gardening, it is probable the shift from taro to yam as the 
dominant crop also affected extant customs. Informants between 50 and 70 years old 
clearly recalled relatives of their grandparental generation speaking of taro cultivation, 
but none could describe the process and were aware of no particular differences. The 
few who offered descriptions essentially modeled their response after the cultivation of 
taro on Lou Island. As a matter of speculation, changes could have included an increase 
in rituals and taboos, in the role of women in garden rituals and in efforts to clear stone 
from the soil. Several informants saw yam as being more temperamental than taro in 
that it requires more physical and supernatural attention during cultivation. The 
cultivation of yams in mounds could also accentuate the need to clear stone from the soil 
so that mounds could be formed more readily. In turn, this could have meant an 
increase in internal features such as stone clearing mounds. Taro cultivation generally 
requires creating planting holes with a digging stick which emphasizes removing only 
stones which immediately hinder tuber growth.
Organization of Garden Use
The four factors that most influenced the short- and long-term use of the walled gardens 
were the need for fallow periods, land ownership, the three cropping sequences 
described above and the nearly exclusive dedication of specific garden enclosures to 
purposes of ceremonial exchanges. Although all are important considerations in the 
spatial organization of gardening, only the distinction made between household and 
ceremonial production is reflected in the arrangement of the walled enclosures.
Unlike many descriptions of shifting cultivation elsewhere, set rotation cycles or 
precisely timed fallow periods appear to be weakly defined if not absent. Consistently, 
informants named only one criterion that governed the length of fallow and that was the 
sufficient darkening of the soil by accumulated organic material. All attempts to 
translate this factor into a standard or generalized period or cycle failed. When asked 
directly about the time needed between plantings, informants rarely gave answers with 
any confidence and casual estimates randomly fell anywhere between three and 20 years. 
This is consistent with a general lack of attention paid to calendar years, but no 
estimates could be deduced by other means either, such as garden terminology or 
correlating uses of a garden to peoples’ ages and recurrent events. No reliable pattern 
or sequences could be deduced from stages of regrowth in secondary growth 
communities (see Barrau 1958) nor could abandoned gardens that had been cultivated 
contemporaneously be grouped. If such cyclical patterns are truly absent and are not 
just been obscured by modern factors, it may imply that there is considerable flexibility 
in garden production; a factor that may be allowed by the relatively rich soils.
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The fundamental unit of ownership was expressed by the term pciranat which designates 
those wall segments that, when combined, surround a collection of enclosures held by an 
individual lineage or clan. The paranat were, however, indistinguishable from all other 
walls that formed the continuous complexes of enclosures. As discussed in Chapter 3, 
the senior member of a lineage or household decided which gardens would be used and 
when and whether cultivation would be for domestic use or for the lineage’s fulfillment 
of exchange obligations. While it was implied that these blocks of holdings collectively 
formed the larger territorial division, it was not clear that these blocks were always 
arranged in a consistent manner or that adjacent blocks of lineage holdings equaled that 
of a clan as would be expected from the hierarchical designation of place names 
(Chapter 3). While this hierarchical pattern was the ideal, a number of examples 
demonstrated by informants did not conform with this pattern but suggest instead that 
these blocks could not be characterized as having a common shape, size or orientation. 
As is the case in the territorial divisions, boundaries defining blocks of enclosures are not 
straight but wind irregularly along the edges of individual enclosures. Their 
configuration generally appeared amorphous or to duplicate a larger square or rectangle. 
Again these groupings of enclosures give the impression that enclosures could be easily 
shifted back and forth among the larger blocks at will. The lack of clear or stable 
parameters makes it unlikely that landholdings, at any level, would be detectable in the 
walled complexes, unless in an archaic form.
In the cultivation of domestic gardens, enclosure use was generally organized to reflect 
the sequential planting of three adjoining gardens, coinciding with the three cropping 
stages defined earlier. This entailed the clearing and planting of the three garden 
enclosures over a three-year period When the first garden cultivated in the series had 
been harvested, clearing and planting began in the second enclosure. The third 
enclosure was then cleared and planted after the second enclosure had been harvested 
and the second cropping of the first garden had just been completed The three 
enclosures cultivated in this sequence were usually isolated from other gardens being 
cultivated at the same time. Another means of organizing enclosure use, although one 
that does not imply a set pattern, was one in which a number of enclosures were 
“counted” (mat)b and cultivated simultaneously. A series of suffixes added to the term 
indicated the number of enclosures needed to produce an estimated number of tubers. 
The cultivation of a contiguous area simultaneously could occur either for the general 
needs of a household or for a specific ceremonial event.
The distinction between garden enclosures used for household production and for 
ceremonial exchanges or feasts took two forms. In both cases, these forms were 
distinguished by place names, terminology and their larger size relative to that of 
neighboring enclosures. The proper name of these larger enclosures in both forms was 
applied, collectively, to groups of smaller enclosures that surrounded it although each 
smaller enclosure also had an individual name. In one form, consistently called puron 
garden, their association with ceremonial exchanges was explicit, puron being a term 
which encompasses a broad spectrum of ceremonial exchange types. The second case is 
less clear, but enclosures in this category appear to have served the same purpose on a 
different scale These larger enclosures were called karmm mangengan, signifying them 
as the “number one”, “mama” or most important of a surrounding group of enclosures.
6 The term mat is probably what A Carrier (1981:466) called a "non-numerical term for "counting and 
calculating" which grouped "objects which could reasonably be grouped in tens".
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Fig. 20 Informant Verified Examples of Garden Enclosures Reserved for Ceremonial Exchanges
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According to informants, all areas have these large puron gardens; they were dispersed 
throughout the territorial divisions; and, to some degree, were represented in larger 
lineage and clan holdings. The relative size of the puron gardens is evident in Figure 20, 
which illustrates only those examples verified by informants. Given their apparent 
widespread distribution, there are probably other unidentified ones in the mapped 
complexes. Many puron gardens were flanked by another relatively large garden, which 
was specifically designated as its samen or outrigger garden The analogy speaks for 
itself, in that this secondary garden supported the larger garden as an outrigger steadies 
a canoe. As such, it was planted immediately after the primary garden so that its 
produce would support the broader food requirements of the exchange process. Smaller 
adjoining enclosures could also be cultivated at the same time if the exchange demands 
were greater than could be met by the large garden. In these cases the paramount 
garden was considered the “leader” of these gardens in that the household of the lapan, 
or that of the senior male sponsoring the exchange, would take the lead in cultivating the 
large garden and his followers would then tend the adjoining gardens. Contributions of 
food stocks for the exchange could also come from gardens of individuals if needed.
The broad application of the term puron probably indicates that a range of events and 
functions could prompt the cultivation of these larger gardens. Puron referred to a 
spectrum of formalized exchanges including those revolving around life cycle events 
such as birth, marriage, illness or death and also to large displays of food and goods 
aimed at enhancing the prestige of the lapan. One depiction had these large puron 
gardens being strictly reserved for the “work of the lapaif and their being cultivated 
only under the “leadership” of the lapan At the same time it was stressed that 
enclosures continued to be held by the lineage or clan which was allied with the lapan. 
Another depiction claimed that this use was not exclusive, although certainly its 
dominant and most recognized function. In this account, puron gardens could be 
planted for household purposes if the amount of exchange work planned or taking place 
had slackened and household gardens were needed. Together, these portrayals indicate 
that substantial fluctuations could occur in the amount or types of exchange obligations 
taking place at any given time and that these larger enclosures remained under the 
control of a lineage or clan in spite of its use by a lapan for his purposes. Despite the 
general emphasis placed on the lapan in these discussions, exchanges were also 
important at the level of the household or lineage, a fact reinforced by each residential 
yard having a place in which exchanges took place (Chapter 3). The second form, that 
of kanun mangnegan, may reflect production for exchanges at this level with that of the 
puron gardens reserved for the more significant events, particularly those associated 
with the lapan.
The preparation and cultivation of gardens for exchange purposes were said to be the 
same as those of the household gardens, except that their organization took on a 
communal aspect. The large gardens became the shared responsibility of more than one 
woman and the lapan or sponsor of the effort had to discuss his plans well in advance 
and mark the time when these activities were to commence, so that ample planting stock 
would be available and enough pigs could be reared. The importance of these strategies 
was reflected in named sitting stones where men gathered to plan all activities leading up 
to a ceremonial exchange. These coordinated efforts and the cultivation of large blocks 
simultaneously were seen as synchronizing the crop because, it was repeatedly 
emphasized, no exchange could take place until the food was ready. When harvested,
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the “fruits” went to the lapan or senior sponsor, but any planting stock could be kept by 
individual participants.
Based on these descriptions, garden production for ceremonial exchanges, regardless of 
scale, probably broadened the spatial complexity of garden rotation and did so with a 
fluctuating frequency rather than periodically. This dimension placed limitations on 
shifting cultivation for household production because the larger gardens and those 
adjacent to them were likely to have been kept in reserve. Socially, the cultivation of the 
larger gardens provided a degree of communal effort that does not appear to have been 
common in other aspects of life and may only have been equaled or surpassed by 
warfare as a uniting effort. During the fluctuating periods when exchanges were being 
planned, the subsistence system probably took on an aspect of scheduling that was 
otherwise less pronounced. The influence of the broad-ranging exchange system on 
gardening included the expansion of production within the household gardens; the 
dedication o f larger gardens and blocks of enclosures for lineage- or clan-based 
exchange activities; and large-scale co-ordinated efforts that called for organizing 
participants well beyond the clan or lineage level
Arboriculture
The prominence of tree crops across the Baluan landscape is immediately apparent as 
soon as one comes ashore. Valued fruit and nut trees outline or ornament the residential 
yard and provide an inland backdrop to the nearly continuous stretch of settlements 
along the northern shore. On the slopes behind the settlements, they create a diverse 
understory throughout the numerous coconut plantations or border their perimeters. 
Beyond beyond the plantations, tree crops appear as scattered and often emergent 
components of the active gardens and secondary growth plant communities. By all 
accounts, these major arboricultural assemblages, as distinct as they appear, have been 
greatly altered in the last 40 years. The assemblages found in the current settlements are 
limited re-creations of former village stands and were established after World War II 
when the inland villages were moved to the coast. Many of the coconut plantations 
actually replaced what were once orchards composed entirely of diverse and dense 
stands of tree crops. Although the changes have been less dramatic in the gardened 
portion of the island, the number, diversity and distribution of these tree crops across the 
island were simply described as declining.
Indigenous arboriculture on Baluan reflects the above in that informants consistently 
grouped their tree crops into three spatially distinct associations: those within or 
immediately adjacent to active settlements; those that developed into orchards; and 
those scattered throughout the gardened lands. The 23 taxa recorded as being 
components of these arboricultural assemblages were repeatedly recognized by 
informants as being of particular value and were intentionally maintained or planted. Of 
the 23 taxa, 11 produced edible fruit and six bore nuts. The remaining six taxa included 
the betel nut palm (Areca catechu) and those primarily valued as construction materials. 
All are discussed in an annotated list (Appendix B) which describes, when the 
information exists, their position in the structure and composition of the arboricultural 
assemblages; estimates of relative abundance at the time of field work; production 
cycles; descriptions of the edible fruits or nuts produced, and vernacular names in the 
Baluan language. Information extracted from this Appendix is presented in Tables 1 and 
2. Many characterizations are estimates because time did not allow extensive
Agriculture and Arboriculture 133
measurements of tree heights or fruit sizes nor could the relative abundance of the 
different taxa be quantified. Many of the size and height ranges presented are drawn, at 
least in part, from other sources (Yen 1974; Peekel 1984; French 1986; Henty 1982; 
Womersley 1978). In all three major arboricultural assemblages the dominant 
characteristics which can be reconstructed from informant descriptions or relict stands 
tend to emphasize their spatial distribution and community structure more than 
variations in composition
Arboriculture in Settlements
The settlement assemblage, or what Yen called the “village tree gardens” (Allen et al. 
1984:22), tree crops were described as growing within the active residential yard, either 
in a small enclosure called lalkoko or dispersed along the periphery of the yard, and as 
stands of trees in the enclosures that separated the active residences within the greater 
settlement grouping. These distinctions essentially reflect the settlement plan illustrated 
and described in Chapter 3. The dispersed nature of some settlement groupings 
suggests that this tree crop component could have been substantial if all the intervening 
enclosures supported such stands. The trees favored in residence yards were those that 
left the yards open and clear, primarily those with less spreading or less dense crowns. 
The larger trees with broad and spreading crowns were intentionally kept at a distance 
to avoid damage to houses from falling branches or the entire tree. The most 
distinguishing characteristic of the settlement assemblages was the predominance of 
coconut and betel nut palms which were of routine and daily importance in Baluan life. 
The betel nut palm was particularly common within the residential yards, because its low 
stature and minimal crown were compatible with the open space favored around houses. 
Coconut trees grew adjacent to the yards where some still mark settlements abandoned 
60 or 80 years ago. Those stands growing between the active residences probably 
resembled the orchard assemblages, although they were apparently less dense.
Orchards
By all informant accounts the orchards were dense, structurally diverse plant 
communities composed almost entirely of tree crops and those valued for construction 
material. The structure of this assemblage is reminiscent of the orchards described by 
Yen on Tikopia, where he noted that these humanly-created plant communities tend to 
“mimic” the structure of natural communities or forests (Kirch and Yen 1982:38). The 
Baluan example, however, had no economic herbaceous layer as informants generally 
dismissed the possibility that other crops could grow in the shade created by these dense 
stands. Descriptions of orchard distribution clearly portrayed them as dominating 
significant portions of the island’s north slope and, in conjunction with the settlement 
assemblages, they provided a distinct and visible contrast to the secondary regrowth 
vegetation and scattered gardens that characterized the rest of the slopes to the east and 
west. This broad distinction in tree crop distributions and densities marked a 
fundamental division in landuse which helped delineate a broadly defined settlement area 
(Chapter 3).
At a more specific level the orchards apparently formed bands that separated the major 
settlement groupings from the garden lands or created individual plots that were 
interspersed with gardens located near the settlements. The broader geographic 
distinction was most sharply demonstrated by three informants who independently
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specified particular places along three major trails where the traveler left the “place of 
houses and orchards” (pies bilong bans na diwai hi long kaikai) and entered the “place 
with only gardens” (pies biions saden tasol). In each case, differences in tree crop 
densities were given as a major point of contrast, the abundance found in the settlements 
being compared with those that were dispersed (wan-wan tasol) throughout the 
gardened lands. Two places identified as marking this distinction are on the major trails 
at the western edges of mapped Complexes 7 and 14 (cf. Fig. 27). The third falls 
approximately between them, indicating that this contrast in tree crop coverage may 
have formed a fairly distinct border running for a considerable distance against the slope. 
A similar distinction probably marked the eastern edge of the generalized settlement area 
or the edges of the long abandoned Leut settlements (Fig. 14).
The image of bands of orchards bordering the north slope settlements is reinforced by 
statements that dense stands of tree crops shaded the major trail which parallels the 
northern coast (Fig. 15) and linked the settlements of Perelik, Sone, Punghap and Lipan. 
It is easy to visualize that if substantial amounts of land to either side of the trail were 
dedicated to tree crops, they would effectively create a large band across a major stretch 
of the north slope. The route was frequently mentioned as being preferred because 
considerable shade protected travelers from the hot sun Orchard development also 
appears to postdate creation of the walled enclosures because they were established over 
previously existing walled enclosures. The size of an orchard, however, did not always 
coincide with boundaries set by the enclosures. Informants illustrated this by pointing to 
present coconut plantations that extend beyond the bounds of several enclosures and 
sometimes cover only a portion of one.
After World War II, when copra production was promoted as a cash crop by the 
Australian colonial administration, missionary groups and the modernization plans of the 
Paliau movement, it is not surprising that the first areas chosen were those already 
dedicated to orchards. In creating the lineage-owned coconut plantations, the mixed 
tree communities were increasingly cut and replaced by mono-specific stands of 
coconuts as the emphasis on a cash economy grew. In time, however, many of the 
lower-stature tree crops (Tables 1 and 2) became re-established in the maturing coconut 
plantations and formed an understory that did not interfere with copra production. The 
pattern was repeated even in coconut plantations that did not replace orchards but were 
established on garden lands. The taller taxa that had formed the canopy and an 
emergent layer in the orchards (Table 2) did not adapt well to these new circumstances. 
Despite their former prominence as producers of significant amounts of supplemental 
food, these taller taxa now grow only as relicts along edges of coconut plantations or as 
isolated individuals.
Arboriculture in Gardens
Despite a general decline in importance, the character and distribution of tree crops in 
the gardened lands today still resemble those of the past. The valued trees occur as 
dispersed individuals or in small stands that are, in many respects, components of the 
secondary growth communities. This context tends to favor the taller-stature taxa which 
can better withstand the severe competition of dense regrowth. At the time of field 
work, the fruit and nuts trees were not strongly represented in active gardens. 
Occasionally a tree was left standing in a cleared garden, in enclosure walls or at corners 
where it would not interfere with the use of primary planting areas. A high degree of
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integration in gardening cycles may have existed in the past before metal cutting tools 
were introduced and the canopy cover was cleared by breaking the branches of larger 
trees instead of cutting down the entire tree (Appendix A). This practice may have 
allowed some fruit and nut trees to recover and continue to bear once the garden was 
abandoned and may explain the perception that some taxa and their leaves (i.e., 
Mangifera indica, Pometia pinnata, Syzygium malaccense) were particularly good for 
the soil and promoted crop growth This higher degree of integration, however, was not 
sufficient to offset the overall impression of a scattered distribution. Small stands of 
trees were also said to mark the former locations for temporary garden houses.
Composition of Arboriculture Assemblages
Most of the 23 valued taxa, and particularly the 17 fruit- and nut-bearing trees, were 
probably represented in all three assemblages. Differences among the assemblages were 
probably ones of prominence rather than sharp or exclusive contrasts. The orchards 
were undoubtedly the most diverse in structure and composition, with the full range of 
canopy, upperstory and understory taxa being represented. If today’s associations are 
any indication, distinctions between layers were not pronounced, with the canopy, 
upperstory and understory generally grading one into the other. Some of the taller taxa 
(Dracontomelon dao, Spondias cythera, Canarium indicum and Terminalia 
kaembachii) could, however, grow to be distinct and scattered emergents above the 
canopy, while some lower-stature trees, or those that rarely reach heights of over 15 
meters (Syzygium aqueum, Barringtonia porcera, Pandanus sp., Areca catechu), create 
the impression of a clearly defined understory. The ability of some taxa to bear while 
still considerably below their average mature height may also contribute to the 
appearance of blending. Overall, this blending made it difficult to group taxa into any 
more than three basic structural components (Table 2).
Of the 23 economically valued trees, only five could be ranked as truly significant in 
terms of subsistence or their role in the lives of the people. These five, Artocarpus 
a/ti/is, Dracontomelon dao, Cocos nucifera, Areca catechu and Pometia pinnata, each 
represent different aspects of importance, with two being capable of providing a major 
starch staple; one being available during critical periods when food was short; two being 
prominent in the routine of daily life; and one being valued for taste. The remaining 13 
taxa producing edible fruits or nuts were truly supplemental rather than major food 
sources. They were eaten casually, often as soon as gathered, and none were processed 
or preserved to a high degree and most not cooked or served as a component of the 
main meal. Inocarpus edulis is an exception in that its kernel was roasted, while the 
unidentified Pandanus was used to flavor boiled broth. Some informants claimed that 
the fruit of Corynocarpus crihbianus and Spondia cythera were also boiled but implied 
the practice was rare. Some taxa were prolific enough to fill several baskets at a single 
gathering, but the quantities collected were quickly distributed among numerous family 
and friends, leaving little to be stored or prepared.
The non-edible products found in the tree crop associations were primarily valued as 
wood for the construction or manufacture of canoes, crafted items and houses. The two 
trees preferred for dugout canoes, Aglaia sp. and P/eiogynium sp., were actively tended 
and fiercely claimed. Caulking material made by scraping the fruit of the “putty nut” 
tree (Cyclandrophora laurina) was an indispensable component of a wide range of 
crafted goods and was used, for example, in coating basket containers, cementing hafted
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spear points and caulking joints or cracks in canoes. Planks for elevated beds and racks 
were produced from the strong and durable trunk of the fishtail palm (Caryota 
rumphiana), while the relatively few stands of sago (Metroxylon sagn) provided house 
thatching.
To illustrate the importance of the five most significant taxa, the following describes in 
more detail their multiple as well as primary uses. The prominence of breadfruit, betel 
nut and coconut is not exceptional given their equal if not greater importance in other 
Oceanic communities. The roles of Dracontomelon dao and Pometiapinnata, however, 
is more unusual. While Pometia pinnata is found throughout Island Melanesia and is 
highly valued (Yen 1974, 1985b, Peekel 1984), the level of regional and local 
recognition given specifically to the multiple varieties grown on Baluan is probably not 
duplicated in many other places. Dracontomelon dao is widespread and well 
represented in the forests and secondary growth communities of the Bismarck 
Archipelago and is known as edible but, according to many well-traveled Manus 
informants, only in Manus and the greater Madang area does it play a substantial role as 
a supplementary crop.
Breadfruit was the only tree crop depicted as a primary food source whose fruit was 
capable of being the major starch staple on the island when in season. Apparently one of 
the most abundant trees on the island, it was a major component of the orchards and 
was singled out, along with the much less abundant galip nut (Canarium indicum), as 
having suffered the greatest proportionate decline in numbers when the orchards were 
converted to coconut plantations. The fruit was primarily boiled in coconut milk or 
baked whole in an open fire. It was not preserved in any manner, a point which 
informants emphatically made by contrasting their practices with those of Bipi Island 
where breadfruit was dried and stored in a manner similar to that on Santa Cruz in the 
Solomons (Yen 1974:258-259). The seeds, however, were stored in baskets over the 
cooking fires to prolong their availability and were roasted in either their fresh or 
preserved form. Seeds were saved from eaten fruit or gathered from the ground where 
they had fallen after flying fox had feasted on the hanging fruit. In addition to being 
removed to make way for coconut plantations, breadfruit has declined dramatically with 
the introduction of secondary crops, such as sweet potato and manioc, which are more 
effective as major starch supplements and are less bound by seasonal production cycles.
Although Dracontomelon dao was capable of providing bulk sustenance at major meals 
and often did, it was primarily portrayed as the most vital supplement during times of 
food shortages, resulting in a degree of dependence that was recognized by other 
communities in Manus as being unique to Baluan. A large canopy tree with a broad 
crown, D. dao was probably as abundant as breadfruit but was less vulnerable to post- 
World War II changes. In addition to being perceived as critical, its place as an 
emergent above the canopy made it more compatible with copra production and less 
susceptible to competition from the secondary growth communities. When ripe and 
collected in quantities, the edible flesh surrounding the seed is boiled with coconut milk 
and produces a substantial meal comparable to breadfruit. Its importance as a 
supplemental food, however, can be attributed to two factors. Firstly, a process of 
washing and soaking renders the unripe fruit edible, although sour, when boiled in 
coconut milk; and secondly, individual trees produce throughout the year despite two or 
three general fruiting peaks. These individual production sequences can vary 
substantially from tree to tree, and even within a single tree the entire cycle from
Agriculture and Arboriculture 137
flowering to fruiting can occur simultaneously. These two factors greatly extend the 
periods in which Dracontome/on can be consumed and increase the potential amounts 
available when other food sources are short.
As in many Island Melanesian communities, the products of coconut and betel nut palms 
were of diverse and almost daily importance and, in keeping with these routine demands, 
both were distinct components of the village assemblages or stands planted near 
temporary garden shelters. The most significant daily use of the coconut was, and still 
is, in food preparation. Few meals are prepared without being boiled in strained coconut 
milk or fried in coconut oil, a manner of food preparation resulting from the long 
tradition of pottery in Manus, which provides the means for boiling food and frying 
sago. Coconut oil also acts as a preservative in that the repeated refrying of cooked 
foods delays spoilage for a day or two. More products are made from the various parts 
of the coconut tree than from any other single taxon. Many common household items, 
tools and specialized equipment were made in part or entirely from the trunk, fronds, 
leaves or mid-ribs of the palm and from the husk or shell of the coconut. Although the 
numbers of coconut trees increased enormously because of copra production, they were 
apparently well represented before World War II7. In the territorial division of Sone 
yields were sufficient to allow specialized production of coconut oil and the Titan group 
of Mouk relied heavily on Baluan as a source of coconuts to make their oil. This 
commodity was particularly significant because of the Titan dependence on sago which 
was often fried and the prominance of oil-filled clay or wicker vessels in ceremonial 
exchanges.
Symbolically and socially, betel nut probably ranked as the most significant of the 
arboricultural products. Chewed with activating lime derived from burnt branch coral 
and the leaf of the vine Piper betle, this stimulant and appetite suppressant was often the 
companion of daily chores or periodic tasks. Its distribution represented congeniality, 
respect and courtesy in social gatherings and, when associated with the work of a lapan, 
it symbolized points of protocol in acknowledging requests and agreements among 
various individuals. Personal preferences emphasized the maturity or “hardness” of the 
betel nut more than any distinctions in taste or strength. As noted by Yen in the 
Solomon Islands (1974:254), taste was far more important in distinguishing several 
named varieties of the Piper leaf, one of which was trained to climb trees in the 
residential yards. Equal attention was given to evaluating the freshness and effectiveness 
of the lime. Apparently the full fruit could be preserved for considerable periods if 
buried underground, which not only kept it from rotting, but, if buried secretly, freed the 
owner from having to oblige numerous requests from relatives and friends. The hard 
and durable segments of the palm trunk were particularly important for making points 
on fishing spears or planks on elevated beds.
The regional fame of Baluan rests, however, on Pometia pinnata, a fruit whose thin, 
transparent flesh is considered a particular delicacy. The undisputed claim that Baluan 
produces the most flavorful Pometia in all of Manus meant that it was sought as an 
exchange item in the past and now it is a substantial cash-producing commodity in the 
provincial capital markets. Today, Pometia is probably the most abundant tree on the
Supporting the substantial presence of coconut in the past are stories telling of early German planters 
on the nearby island of Kumuli who sent non-Manus laborers to Baluan to obtain planting stock for the 
large plantation.
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island because of this economic opportunity, the high value placed on it by the people of 
Baluan themselves and its ability to produce successfully as a sub-canopy component of 
the coconut plantations. Its social importance is attested by festivities and in 
nomenclature. Older informants fondly recalled the approximately three week period in 
May or June when fruiting reached a peak throughout the island, because it brought a 
time of general gaiety and gatherings to distribute the fruit. More significant is the fact 
that it is the only fruit for which multiple varieties are recognized and named with a high 
degree of consistency. The seven named varieties are distinguished by the color and 
taste of the edible flesh and, more obviously, by the color of the skin, which ranges from 
pale green to bright red and dark purple. No longer a common practice, the seeds of 
Pometia were stored in baskets over the smoke of cooking fires which kept them dry 
and free of rot. When food was short, the seeds were soaked in salt water and then 
boiled until the central kernel was ready to be cooked in coconut milk and eaten.
Integration with Agricultural Production
Ideally, tree crop production can advantageously complement other sectors of 
subsistence production and the range of these complements could explain differences in 
prominence, relative abundance or spatial distribution of certain tree crops. Yen 
explored this potential on Santa Cruz Island by contrasting the seasonal production of 
the different tree crops and their storage phases with those of the major cultigens and 
showed that there was a “reasonable spread of fruit production through the year” which 
acted “as a stabilizing insurance of the seasonal spread” of crop production (Yen 
1974:277-278). Also the timing of hunting trips was linked to the fruiting cycles of 
certain trees because animals or birds attracted to producing trees are easier to locate, 
their numbers concentrated in some cases and their flavor enhanced by a diet of fruit 
(Yen 1974: 276-277).
Although Baluan informants clearly perceived tree crop production as supplementing 
predictable and unpredictable food shortages, the degree to which production cycles 
meshed advantageously is difficult to establish. With two important exceptions, 
seasonal production in tree crops appears to be only weakly defined, particularly if 
production is predicted on an annual calendar. Patterns were difficult to discern during 
nearly nine months of observation, while informants themselves generally went no 
further than dividing fruiting patterns into two broad categories: those trees which have 
a time (/ gat taim) or those that do not (/ no gat taim). The two important exceptions, 
Pometia pirmata and breadfruit, are the only taxa whose production was consistently 
and repeatedly tied to specific months or seasonal events, such as semi-annual changes 
in dominant wind direction.
Based on observed variations and informants’ depictions, however, fruit and nut 
production can be grouped in five categories (Table 2): continuous production, 
production peaks, unspecified intervals, distinct intervals and annual cycles. The 
fundamental distinctions underlying these categories are: firstly, not when fruiting 
occurs, but the degree to which fruiting is synchronized among trees when they do 
produce; and secondly, whether or not these synchronized periods occur at distinct 
intervals and in set periods. The categories of production peaks, unspecified intervals 
and distinct intervals all express degrees of synchronization, but the timing of this 
simultaneous production could not be defined by specific months or events in a calendar 
year. For example, production peaks characterize those tree crops which carry fruit
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throughout the year but where the yields on multiple trees of the same taxa tend to 
increase noticeably at times, fruit was generally available all year with only times of 
higher yields being synchronized and these peaks following no discernible schedule. The 
unspecified intervals category groups five taxa whose fruiting, at least on individual 
trees, occurred at distinguishable intervals, but the spacing between the intervals could 
not be readily defined, fruiting, in these instances, did not appear to be strongly 
synchronous throughout the island, possibly because fruiting periods could be long.
Taxa producing at distinct intervals include the two species of Syzygnim, which have 
very marked and fairly regular fruiting cycles; each of these two taxa fruits 
simultaneously throughout most of the island, with S. aqueum reaching a peak before S. 
ma/accense. Field observations indicated an interval of about five months between 
fruiting which, if truly a set interval, would mean that six years would pass before 
fruiting would occur again in the same month. Those tree crops grouped as producing 
continuously, all nut species, were described as bearing successively or at such rapid 
intervals that they were essentially available all year on one tree if not on another.
Food Shortages Due to Crop Cycle
There are probably three circumstances in which the need for a well-timed food 
supplement might be pronounced: when crop cycles caused annual shortages; when 
large amounts of food were dedicated to ceremonial exchanges or feasts; and when 
drought or other factors caused famines. Food shortages coinciding with yam 
production were seasonal and predictable. Yam is one of the most clearly cyclic of the 
Pacific root crops (Yen 1974:278; Massal and Barrau 1973:13; Barrau 1958:45,46; 
Bourke 1982:55) and storage techniques to offset annual shortages have developed in 
areas where yam is the dominant crop. On Baluan the period of potential scarcity was 
broadly characterized as being between December through May, when the tuber supply 
was dwindling, the planting stock had been dedicated and the next crop would not be 
ready for harvesting until July, August or September. A more specific time of potential 
need, or the time of waitim mami (waiting for Dioscorea esculenta to be harvested), 
was said to be in April, May and June, when dependency on tree crops increased. 
Dracontomelon dao was the tree crop most frequently mentioned in this context but, as 
discussed earlier, it is not convenient seasonal production that made it well suited to 
augment cyclic food shortages. Instead its value can be attributed to several combined 
factors: it is a prolific producer; fruiting occurs continuously in some quantity; 
production peaks take place at least three times a year; and, if prepared properly, the 
fruit can be eaten unripe. The two fruit trees which are most seasonal, breadfruit and 
Pometia pitmata, do not serve as well-timed supplements either. The main breadfruit 
season stretches from May to September, with yields being particularly high in July and 
August. Most of this period coincides with harvesting when food is plentiful. The 
supplemental aspect of Pometia is the seed’s ability to be stored and then prepared when 
needed. While the trees would be fruiting when yam was scarce and seeds could be 
eaten then, seed availability during the storage phase would appear to overlap with the 
time when yams were abundant.
A major problem, however, in comparing yam cycles with tree crop production is that 
Dioscorea esculenta did not became the dominant cultigen until after 1870 or 1880.
This would probably not be enough time for the attributes of yam cultivation to fully 
influence the development of the tree crop assemblages or any specific component of the
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assemblage. Taro, the crop replaced by yams, is not generally recognized as having 
pronounced seasonal patterns and plantings are likely to be staggered to spread 
production, thus compensating for the tuber’s lack of storage qualities. Although it is 
too late to reconstruct taro cultivation practices on Baluan, examples from Lou Island 
suggest that taro production may have had a seasonal aspect because planting there also 
coincided with the rising of the Pleiades to take advantage of wetter weather. If taro 
takes longer to mature than yams, informants estimating nine to 12 months instead of six 
to nine for D. esculenta, then the period of predictable food shortages would have 
extended through the months of July and August when breadfruit was in its prime 
fruiting period.
Food Shortages Due to Ceremonial Exchanges and Feasts
Informants never specified that ceremonial exchanges incurred food shortages, although 
they continually emphasized that large amounts of food were involved in the process. 
Not only were impressive amounts of food needed for the formal presentations, but food 
was an integral part of all the planning steps leading up to an exchange and of many 
peripheral activities surrounding the occasion. Initial contacts with relatives or long­
standing friends who contributed to exchanges involved either the preparation of meals 
or gifts of food and, if labor were needed, then all those participating must be fed during 
or after the task. When ceremonial exchanges called for large numbers of pigs, they 
were fed produce from the gardens, which took food from human consumption over a 
protracted period. Many exchanges were planned well in advance and, if this meant a 
strain on the availability of daily food supplies for a household or settlement, then 
competing demands could be predictable and scheduled. The final timing of any 
exchange clearly relied on when yam planted for the event could be harvested and 
gathered in sufficient quantities. This meant that most exchanges would have occurred 
sometime between July and September, which was repeatedly depicted as a time of 
plenty. As discussed above, the most seasonal of the tree crops, breadfruit and the 
stored seeds of Pometia, would appear to supplement this time of plenty, in which only 
social demands were likely to create food shortages. The possibility of such specific 
contributions was, however, never mentioned and the impression given was that all fruit 
and nut trees acted as supplements throughout the year.
Unpredictable Food Shortages
In cases of unpredictable shortages, the role of tree crops was clearly overshadowed by 
other alternatives. Droughts were the major cause of famines, which informants 
characterized as times when the crops and soil were burnt by a strong sun. During these 
times, processed starch from sago became the major staple which was obtained through 
exchange partners from the main Manus Island. Sago had the advantage of being 
available almost constantly, of storing well and being easily transported. These 
attributes far outweighed the advantages of tree crop production, particularly if long 
spells of dry and hot weather also adversely affected the tree crops. Having access to 
sago through exchange networks helps explain why storage or preservation techniques 
for tree crops were not as highly developed on Baluan as in some areas of the Pacific 
(Yen 1971, 1973b, 1974; Barrau 1961). The second most important alternative during 
droughts was the wild tuber Pueraria /obcita (nelpot), which was described as being 
analogous to cassava and a last resort because digging for the deeply buried tubers was 
arduous. This depth, however, probably made it less vulnerable to droughts.
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Role of Arboricultural Production
The evidence suggests that the strongest asset of the diverse arboricultural assemblages 
was their ability to provide a generalized instead of specific or well-scheduled 
supplement to the daily diet throughout the year. Although there may have been some 
advantage to the seasonal production of breadfruit and Pometia pirmata, these are the 
only such examples, and this correspondence is not clearly defined, in part because the 
breadfruit season is broad and contributions by P. pinnata are extended by the seed 
storage phase. If anything, production appears to have complemented increased social 
demands on production and to have only weakly supplemented shortages due to 
environmental constraints and cropping cycles. In large part this is because tree crop 
production defies correlation with annual or precise schedules and gives the impression 
of what Yen calls a “reasonable spread of fruit production throughout the year” 
(1974:277). With fruit and nut production being variable, often non-synchronized and 
with ill-defined intervals, the chances are good that at least something will be available at 
any given time of the year. Also suggesting that seasonality is weak is the fact that 
informants paid so little attention to annual timing when describing tree crop production. 
Proximity to the equator may blur annual cycles because temperature, rainfall, humidity 
and length of daylight vary relatively little throughout the year. This emphasis on 
generalized supplements is supported by the prominence of Dracontome/on dao which, 
if anything, is the ideal generalist because it produces fruit throughout the year, 
production peaks are frequent and unripe fruit can be eaten. Also informants clearly 
drew an analogy between tree crop production, particularly D. dao, and the current role 
of the introduced tuber crops, sweet potato and cassava, which have replaced tree crops 
as a major supplement to yam cultivation and are cited as a major reason for the 
declining importance of fruit and nut trees.
Attempts to link the hunting of animals and birds with fruiting cycles or tree crop 
distributions were even less successful. In describing the hunting of possum or pigeon, 
no informants spontaneously mentioned tree crops as a factor in locating or capturing 
them. When asked specifically about a possible correspondence, they noted that possum 
and pigeon did feed on tree crops but also fed on such a variety of fruits from other trees 
or shrubs that factors other than tree type were more important in hunting strategies. 
These included evidence that animals or birds were frequenting a particular area and that 
the host tree was in fruit. The secondary plant communities apparently provided a 
sufficient source of food and these animals and birds did not depend on the tree crop 
assemblages.
An exception is the strong association between flying fox and tree crops, particularly 
Pometia pinnata, which was as adverse as it was advantageous. Advantageous to 
hunting and propagation, the flying foxes would concentrate in heavily fruiting trees and 
they were depicted as the major propagator of tree crops. Adversely, they were clearly 
seen as competitors for fruit and attempts were made to control their movements away 
from fruiting trees by ritual, a practice that was particularly important during the height 
of the pronounced fruiting season of P. pinnata Despite these strong affinities, a major 
means of hunting flying fox was less tied to fruiting cycles than to the daily movements 
of the flying fox along frequented routes. This entailed hanging a large net across an 
opening in a tree at the appropriate time.
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Selection and Propagation
Propagation and other means of human selection have been emphasized in discussing the 
prehistory of plant use because they demonstrate the long-term processes by which 
plants were domesticated: their “genetic variability” is controlled, maintained or 
manipulated and preferred characteristics can be selected at the local level (Yen 
1974:278-279, 281; 1980;141; 1985a:492; 1985b:319,323). In the localized 
circumstances of this discussion, methods of propagation and selection could 
demonstrate how a diverse arboricultural component could have developed into three 
spatially distinct assemblage types, point to the potential dynamics of these artificial 
plant communities and indicate the relative speed of the processes.
In discussing this general topic, informants immediately paid far more attention to the 
repeated tending of tree crops than to their deliberate propagation. Active tending was 
seen as vital to the establishment, survival and productivity of the trees, with many 
claiming that current tree crop production is low because the trees are no longer looked 
after. This work normally entails clearing tenacious and fast-growing vines from the 
trees as well as keeping competing bush from their bases. While the act of tending 
determined which taxa survived in which situation, the most deliberate act of selection 
occurred when a tree began to bear. Spontaneously, informants specified this as the 
critical point at which the particular properties of the fruit or nut were judged and 
selected If deemed inferior, the tree was simply destroyed, while acceptable ones were 
allowed to survive and become members of the assemblage.
The planting of the fruit and nut trees was overwhelmingly attributed to the flying fox 
and, secondarily, to their having simply sprouted on their own (kamap nating). 
Informants consistently claimed that tree crops could be and were planted from seed or 
by transplanting seedlings and shoots, but they never discussed the process in any detail 
or with any enthusiasm. Planting appears to have been a general possibility but not a 
preferred or prescribed method for any particular taxon or in specific circumstances. 
Propagation procedures could have been more exacting in the past but no one ever 
mentioned this to be the case, although, in contrast, people readily lamented the 
deterioration of numerous other subsistence practices or social customs. It is also 
possible that they could be reluctant to discuss planting for fear of disputes. It was 
consistently acknowledged that the person who planted a tree had primary rights to its 
fruits regardless of who owned the land on which it grew. A tree planted by flying fox 
or that sprouted on its own gave the landowner sole rights. Disputes over ownership 
have led to trees being cut down despite their large size.
The inability of many tree crops to become established or survive independently in 
secondary vegetation communities may explain an advantage of establishing orchards. 
Within developed multistory orchards, shade would suppress, although not eliminate, 
competition from a variety of plants and reduce the need for routine clearing. Yen 
suggests that the canopy taxa of multistorey orchards protect lower-stature or immature 
trees from wind damage (Kirch and Yen 1982:63). Although Baluan is not as prone to 
cyclones as is much of Island Melanesia, the canopy layer of the orchards would not 
only protect the younger trees but would minimize the force of the wind that could 
disrupt the setting of flower and fruit in the lower stories.
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Age and Development of Tree Crop Assemblages
For the purposes of this study it will be assumed that understanding the establishment of 
the orchard assemblages in their known form and distribution is essential to 
understanding the prominence of arboriculture on Baluan and the degree to which 
arboricultural development represents a long-term investment in production, delineation 
of the landscape and a reduction of flexibility in garden rotations. The village tree 
garden and some degree of integration of tree crops with gardened lands are widespread 
phenomena throughout much of Island Melanesia, whereas the formation of distinct and 
diverse orchards is more uncommon (Yen 1976; 1982). It is, therefore, more probable 
that a trend towards orchards would have arisen from these more prevalent but, in terms 
of structure and composition, less complex forms of arboriculture. Based on 
observations and processes emphasized by informants, some speculation is possible on 
the minimum age of the orchards, on rates of development and on the processes which 
may have been influential in explaining how the orchards were established. All this 
assumes that factors observed and ethnographically emphasized reflect to some degree, 
long-term practices and attitudes.
Oral histories and informant recollections clearly indicate that the orchards are not a 
recent or modem development and that the minimum age of some orchards or individual 
fruit and nut trees is at least 100 years. While this does not say a great deal about the 
ultimate antiquity of arboriculture on Baluan, it indicates that the orchards are not a 
response to substantial changes that occurred between the 1870’s and World War II and 
that they probably pre-date the shift in crop dominance from taro to yams. The 
minimum age for some large trees can be based on testimony by older informants, 
generally in their late 50’s and 60’s, who pointed to specific trees as having been fully 
grown when their parents were young. If 20 years is allowed for these tail-stature trees 
to mature, then they could easily have begun growing in the 1870’s. Some trees may be 
even older if their age truly reflects the origin of their proper names which 
commemorate people and events that can be traced to the grandparental generation of 
the older informants or earlier.
Although these celebrated trees were members of all three assemblages, the particular 
antiquity of orchards is supported by two examples that were singled out as pre-dating 
the parental generation of older informants. One was the dense stands of tree crops that 
bordered the inland edge of Perilik settlement and the other being those that shaded the 
major trail paralleling the north coast (Figs 14 and 16). Regardless of specific age, this 
demonstrated longevity suggests that many tail-stature taxa and the orchard assemblages 
represent a long-term investment in production that can span the lifetime of several 
generations. It is also apparent, however, that diverse tree crop understories or lower- 
stature communities can develop at a fairly rapid rate, as is demonstrated by the diverse 
stands that have became established in the last 30 to 35 years in the coconut plantations 
and in the relocated settlements along the coast. These relatively young communities 
definitely favor taxa which are amenable to these circumstances: they grow rapidly; they 
are lower in stature; and some bear while still relatively young.
The propagation and selection processes emphasized by informants tend to favor 
gradual rates of development for the orchards and genetic selection. If specific trees 
were selected only after they reached fruit-bearing age, this would prolong the time span 
needed to develop diverse and stable tree crop communities, particularly ones composed
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of chosen types with preferred qualities. The time needed for orchards to form a 
pronounced presence within a major segment of the island would be much greater. The 
dominant means of propagation, essentially choosing to tend trees that have come up on 
their own, says little directly about the rate of development, but this passive approach 
would seem far less efficient than a more deliberate process that stresses planting seeds 
or shoots. Although the orchards are artificial, this passive approach mimics the natural 
processes of regeneration, with degrees of interference, particularly at the level of inter­
specific competition. If there is a common element in the dominant approaches to 
propagation and selection, it is that both tend to protract decisions and thus lengthen the 
development process. In terms of genetic manipulation, selection relies on chance more 
than control of reproduction which, in turn, implies that even greater time spans are 
needed for human selection to have noticeable and consistent results in the fruit and nuts 
produced. If true, then the importance of Dracontomelon dao and Pometia pinnata on 
Baluan is of considerable antiquity. The fruits of both exhibit characteristics considered 
unique to Baluan. The fruit of Pometia pinnata can be clearly and consistently grouped 
into seven kinds, while only two, three or four kinds are mentioned in other parts of 
Manus and in the Solomons (Yen 1974:266). Although no distinct varieties of 
Dracontomelon were described, those growing on Baluan were widely credited with 
having a range of superior qualities, such as size, amount of flesh and lack of bitterness, 
which are not found in other parts of Manus.
How the dense and diverse orchards originated, and where, are not readily explained by 
the processes of selection and propagation. If anything, they suggest a preference for 
controlling circumstances as they arise instead of actively initiating them. Saplings and 
trees are established before choices are made to select them through tending or select 
against them by felling Control over the composition of an assemblage and the 
distribution of taxa within it was exercised more by selected removal or neglect. Instead 
of explaining how the orchards were initially created these processes may, in fact, 
emphasize the advantages of orchards. Orchards in their early stages would provide 
circumstances in which a higher diversity, concentration and percentage of tree crop 
seedlings could sprout, giving the owner a wider range of choices on the eventual 
placement or kinds of trees. The orchards also provided an otherwise productive 
context in which tree crops could reach maturity and their quality be judged, without 
having them compete with garden crops These benefits, in addition to the reduced need 
to clear competitive secondary growth in an orchard setting, suggest that once the initial 
framework of an orchard is established, the advantages of perpetuating, embellishing or 
expanding the assemblage are compounded and the effort needed to do so is reduced.
Concluding Remarks
The following summarizes those described agricultural practices, including the 
pronounced tree crop assemblages, which contribute to understanding the establishment 
or expansion of the walled garden enclosures and the examination of arboriculture as a 
form of intensification
The walled enclosures have two primary functions: they serve as landholding 
boundaries when the garden is in fallow and, when in use, they exclude pigs and various 
influences that could adversely affect, either humanly or supernaturally induced, crop 
production. Checking soil erosion does not appear to be a major function of the 
enclosure walls, although some walls running with the contour of the slope do retain
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slope wash. These instances are relatively insignificant or localized and the bulk of this 
function is performed by the internal features of stone-clearing mounds and stone 
alignments.
Structurally, garden wall construction is conceptually sophisticated but, in the long-term, 
precarious. Their short-term stability relies on the distribution of wall weight along the 
undulating curves of their alignment. This contrasts with many walls elsewhere that 
have broad bases which support a battered, stacked or core-filled wall and distribute 
their mass over a wider area. While the Baluan walls are more efficient in the short-term 
use of building materials and labor, they do not represent the long-term capital 
investment made in the construction of more substantial and durable walls, which could 
have been more effective in excluding pigs. The continued reconstruction of the narrow, 
serpentine walls probably reflects the emphasis placed on reaffirming individual 
ownership through the faithful replication of wall alignments and enclosure shapes, 
based on knowledge of specific points within a garden that orient wall construction.
The lack of any clear pattern in the ownership of groups of enclosures or blocks at the 
level of the lineage or clan may indicate that the delineation and composition of these 
holdings were as flexible and potentially unstable as the boundaries marking the major 
territorial divisions. This reduces the probability of group ownership being evident in 
the walled complexes, unless an archaic organization of enclosures is represented.
Production for ceremonial exchange is the factor most likely to be detectable in the 
walled enclosures because relatively larger walled enclosures were specifically set aside 
for this purpose. This dedication of larger enclosures to exchange or feast production, 
regardless of scale, probably extended the spatial and temporal complexity of garden 
rotation to the point of obscuring prescribed or preferred fallow cycles and limiting 
options for gardens planted for household consumption.
The arboricultural component probably served as a generalized supplement to the 
primary and secondary crops grown in the gardens. Tree production was not integrated 
with, nor did it strongly complement, other aspects of subsistence. The apparent 
superimposition of orchards over walled enclosures indicates their development 
postdates that of the walled complexes. If true, this commitment to orchards would 
compound a trend towards formalization and reduced flexibility that was originally set 
by the establishment of the walled garden enclosures. In the case of Baluan, partitioning 
the cultivated landscape with orchards of tree crops not only restricted garden rotation 
within specific locales, but it came to characterize broad distinctions in island-wide 
landuse.
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Chapter 5
The Structure And Development of the Walled Enclosures
The establishment of the walled complex, according to Baluan tradition, was both 
ancient and instantaneous. The tradition and walls are of sufficient age to be well 
beyond the recall of genealogies and stories that still retain strong elements of oral 
history. Their explanation rests securely in the realm of myth, with no attempt being 
made even to tie the event to an ancestral personage from whom descent could be 
claimed or traced. The basic elements of this prevalent myth were told with great 
consistency despite enormous variations in length and detail depending on the teller 
and circumstance1. All garden enclosures and the trail system were said to be the 
work of small people called the Mapo who, in some versions, were the original 
inhabitants of the island. This group of small people first made their presence known 
in the gardens by completing, at night, the tasks begun by the Baluan people during 
the day. Thus, if part of a garden was cleared during the day, it would be completely 
cleared the next morning. This applied to burning, planting, weeding and, at one 
point, the construction of the walled enclosures which were found to cover the island 
the following morning. All was well until harvest began and the completion of this 
task by the Mapo left the people of Baluan with nothing to eat. At this point the 
Mapo were driven from the island.
The analyses presented in this chapter aim to identify those development phases that 
could represent forms of intensified production, to examine hypothesized ways in 
which the walled complexes could have developed chronologically and spatially and 
to infer how, and possibly why, the walled enclosures came to cover almost the entire 
island. The approach behind these analyses was taken only after two more 
conventional levels of interpretation failed. Firstly, while mapping the walled 
complexes on Baluan, it became apparent that these walls lacked individual attributes 
which had proved useful for tracking broader development patterns in other studies. 
For example, no wall or enclosure typology could be devised; differences in wall size 
or height were not meaningful measurements; no major variations in construction 
technique were evident; and no walls were clearly superimposed over others. The 
absence of some of these clues can be attributed to the repeated re-stacking of walls 
with each new planting of a garden, a process that would eventually mask some 
attributes which could be useful in tracing construction sequences (Chapter 4). 
Secondly, at the level of the enclosure and complex, it proved difficult to consistently 
define variability within the 18 mapped complexes. Initially, it was thought that 
examining the mapped enclosures would be productive, certainly more so than wall 
attributes, because ethnographic descriptions and observations suggested that 
enclosure plan and basic wall alignment were relatively stable through time. Visually, 
at least some of the enclosures gave the impression of having been created through 
subdivision; some seemed to postdate others; and some enclosure walls appeared to
1 Even among older informants the details of this tradition varied enough to negate the possibility of 
arguing that one version was more authentic or of greater antiquity than another. Details from any 
one version would therefore have little justifiable application to the following analyses. Attributing 
the creation of ancient structures or phenomena to previous inhabitants of small stature is so 
widespread in Pacific folklore that their presence in local myth does not necessarily indicate the 
existence of an antecedent cultural group nor of a testable hypothesis for the development of ancient 
structures (Luomala 1951).
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be part of much longer walls that were shared by numbers of enclosures. Analytically 
defining these impressions, however, proved to be so subjective that it was difficult 
for an individual to consistently repeat the designations and would have been nearly 
impossible for different individuals to reproduce similar results independently.
The analyses adopted allow a closer examination of the few patterns which were 
apparent in the field or were identified in Chapter 4 as representing the social 
organization of gardening. For example, it was clear the enclosure plan was 
predominantly square or rectangular and that a greater number of smaller enclosures 
appeared to be located near the general settlement area. Aspects of social 
organization which could be represented in the mapped complexes were the 
designation of larger enclosures for ceremonial exchanges or feasts; the suggestion 
that groups of enclosures clustered around a relatively larger enclosure which gave its 
name to a grouping; and the tendency for three adjacent gardens to be cultivated in a 
single cropping sequence. If these patterns could be identified within the context of 
specific development sequences, then it could be argued that they were present during 
the initial establishment and expansion of the walled complexes or that they arose as 
subsequent modifications.
Methods and Procedures
Methods
The strategy for the exploratory analyses used in this chapter was devised in 
consultation with mathematicians Margaret Mackisack (then in the Statistics 
Department, The Faculties) and Roger Miles (Research Fellow of the School of 
Mathematical Sciences), both at the Australian National University. Dr. Miles has 
worked in the fields of stochastic geometry and random tessellation theory for many 
years. Falling within the province of geometric probability theory, tessellations are 
the arrangement of geometric forms, such as polygons, which fit together to cover a 
surface or space without overlapping (Miles 1986:567). Random tessellation theory 
deals with naturally occurring phenomena by determining how geometric patterns can 
fill particular planes or spaces. The theory and models developed thus far have been 
applied to studies of geological faulting and fragmentation, routes of vehicular traffic, 
the fibrous structure of paper, crystal growth, foraging territories for birds and 
animals and various geographic units (Miles 1986:571; Kendall and Moran 1963; 
Haggett 1965:49; Hasagawa and Tanemura 1976:509-519; Ahuja and Schächter 
1983; Kendall 1983). This approach seemed ideal in that the complexes of walled 
enclosures are a similar phenomenon of the same kind: they are a continuous, non­
overlapping series of rectangular or square forms that cover most of the island. 
Applying it, however, was hampered by the limited development of tessellation theory 
itself and, in particular, the fact that no stochastic theory has yet been developed for 
rectangular tessellations (Miles pers. comm ).
As an alternative, several approaches were devised that incorporated standard 
elements of tessellation models and some common sense assumptions that allowed at 
least an exploratory analysis of the walled complexes. The attributes of the walled 
system adopted were line segments, types of vertices or intersections where line 
segments meet and the cell or unit which is being reproduced across a plane. Criteria 
were created to define these attributes within the mapped complexes and to classify 
them in a manner useful for further analysis. Obviously, the predominantly
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rectangular or square garden enclosure is the cell or unit which was eventually 
reproduced as a consequence of the development process. Defining intersection 
types and individual line segments was more difficult and the criteria used were 
eventually drawn from an ab initio assumption made to address major chronological 
questions. It was assumed that anywhere two walls join at a T intersection (more or 
less at right angles), the wall entering (the stem of the T) postdates the wall which it 
joins (the horizontal line in the T). If the walls are deconstructed, the opposite 
assumption simply does not make sense, since the stem of the T would in this case be 
left suspended. In addition to T junctions, X and Y junctions were also classified, a Y 
junction being one where three walls meet at acute angles and an X junction where 
four walls meet, whatever the angle. Once classified, junction types also provided a 
means to define individual line segments because they could be used as criteria to 
define the beginning and end of any given wall. An independent line segment is 
defined as one that starts and terminates at a T junction and/or a Y junction in which 
the wall would have to turn at an angle greater than 30 degrees in order to be 
followed through the junction in any direction. All criteria are defined in detail in 
Appendices C and D, so that a high percentage of the results could be reproduced by 
different individuals working on the same data set.
These approaches initially aimed at answering two main questions: the degree to 
which enclosures developed through a process of subdivision; and whether long, 
continuous walls might suggest an underlying, unifying framework which preceded 
the dominant rectangular enclosure forms evident today. Subdivision and an unifying 
framework could imply sequences in the expansion phase or post-expansion 
intensification. Fundamental to the question of subdivision is defining what can be 
called I line segments. These are wall segments that end in T junctions at both ends 
and can therefore be hypothesized to postdate both walls they join. The systematic 
removal of I segments would be a plausible means of deconstructing the walled 
complexes in a chronological order and, ideally, their extraction would reveal 
ancestral configurations. This approach seemed potentially appropriate because, once 
defined, T junctions were found in high percentages throughout the mapped 
complexes. Hand in hand with this went the identification of continuous wall 
segments, i.e. those which could be followed through more than one intersection and 
thus flanked more than two enclosures. This approach assumed that any group of 
enclosures could have resulted from subdivision if they were collectively bounded by 
a maximum of four continuous walls, a configuration that could represent a parental 
enclosure.
The effort to isolate traces of an ancestral framework assumed that it could consist of 
a series of long walls dividing the landscape in some orderly fashion. This possibility 
was tested by plotting all walls defined as being long and continuous in the mapped 
samples. This line of questioning raised the possibility that walls could be 
superimposed if, at some point in their development, a more recent structural plan 
was created over a pre-existing one. If this were the case, a high incidence of X 
junctions might represent such instances in which new walled patterns were built over 
older structures. This is not to suggest that all X junctions represent superimposition. 
It is likely that four walls could meet during wall or enclosure construction no matter 
how they developed, but X junctions are more likely to be found in circumstances 
where the process of superimposition is paramount. Cases where an X junction was 
formed by the intersection of two long walls could indicate significant points in an 
ancestral system. If evidence could be found for long continuous walls dividing
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portions of the island, then it might be inferred that territorial divisions or land 
holdings were configured differently in the past.
These efforts to trace subdivision or an ancestral framework emphasize those 
attributes which link the enclosure complexes because it is at junctions and along 
shared wall segments that complexes would expand. To examine the component 
being reproduced, the rectangular or square enclosure, attributes of enclosure size, 
shape and slope were quantified. Size is expressed by the area enclosed, shape relies 
on the relative length and width of each enclosure and slope calculates the difference 
in ground elevation between the up-slope and down-slope wall. These attributes 
allow some speculation on the initial function of the enclosures or, once established, 
why they might have undergone significant alteration. Given that many large gardens 
were dedicated to ceremonial exchanges or feasts, identifying the distribution of large 
enclosures could illustrate the prominence of ceremonial exchanges as the walled 
complexes expanded and thus increased demands for surplus production. Examining 
enclosure shape and slope could indicate the significance of soil retention in initiating 
wall construction or subsequent alterations and thus suggest that pressures to increase 
production faced environmental limitations.
A byproduct of these analyses is that the defined attributes can be used to measure 
the degree of variability or homogeneity throughout the mapped complexes and 
illustrate any spatial patterns in this variability. The attributes examined include 
enclosure size and shape, junction or intersection type, a classification of wall type 
based on the number of enclosures bounded by each wall segment and the length of 
all wall segments. These results are then used to address several assumptions about 
the relative rate at which the complexes became established, expanded or elaborated; 
the constancy of environmental and social circumstances during these development 
phases, and the degree to which localized circumstances could have differentially 
influenced these phases. To a large extent, none of these methods can give definitive 
answers to the questions raised, but they do narrow the range of possible explanations 
and heighten the likelihood of some options2.
Before assessing the degree of homogeneity evident in the walled complexes, the 
discussion begins with an explanation of the four fundamental attributes upon which 
the analyses are based. The results of attempts to sequentially deconstruct the walled 
complex are then presented, as are those which isolate possible instances of 
subdivision and thus define possible ancestral frameworks. The discussion then 
explores how wall or enclosure function could have influenced the initial 
establishment and expansion of the complexes and the likelihood of alternative models 
explaining how these complexes came to cover the landscape. The chapter concludes 
with a summary of major points drawn from the analyses.
Procedures
The following describes the four major attributes used in the analyses, including how 
they were defined.
7
If advances in tessellation theory are made, these possibilities could be refined with the defined 
attributes becoming the basis for a series of simulations. In particular, simulations could test the 
probability of various models designed to reflect how wall complexes could have started and spread 
until images similar to those of the mapped complexes were produced.
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1. Enclosure Size. The least complicated of the four, enclosure size is represented by 
the number of square meters encompassed by each mapped enclosure and was 
determined by a digital plano-planimeter on the original field maps at a scale of 
1:500.
2. Enclosure Shape. This is implied by enclosure length and width but, to avoid 
confusion, the terms radial distance and transverse distance will be used instead of 
length and width, radial distances representing the up-slope and down-slope axis 
of the enclosure and transverse distance the axis which follows the contour of the 
slope. The term radial length does not imply that enclosures are circular, but 
rather that a line running through the rectangle along the up-slope/down-slope axis 
would lead to the center of the island. This means of orienting measurements is 
used when shapes being analyzed cover a circular area. The radial and transverse 
distances were measured between the surveyed mid-points along the four walls of 
each mapped enclosure. These measured attributes only gauge the degree to 
which enclosures approximate a square or rectangle and cannot account for 
irregularities occurring to either side of the mid-point, particularly those relatively 
few instances in which enclosure form contracts or expands to either side of the 
mid-point.
3. Junction Type. The characteristics of intersections, or what will be called 
junctions, are essentially those used to distinguish T, Y and X junction types 
(Appendix C, Fig. 21). Once defined, the analysis examines the variable number of 
junction types classified in different portions of the mapped complexes.
4. Continuous Wall Segments. The attributes examined include the length of the wall 
segment and the number of enclosures that lie to either side of it. Once 
continuous wall segments were defined using the criteria described in Appendix D, 
the length of each was measured on the original field maps and, to define what will 
be called continuous wall types, the number of enclosures bounded by a wall was 
counted and represented in two ways. The first contrasts, as a ratio, the total 
number of enclosures on one side of the wall with that on the opposite side, while 
the second represents the sum of enclosures lying to either side of the wall 
(Appendix D, Fig. 22). In the case of wall length and wall type, another 
distinction had to be made to compensate for limitations in the size of the mapped 
complexes. Some walls extended beyond the mapped complex or along its edge, 
making their true length or the number of adjoining enclosures uncertain. To 
compensate for a possible bias towards shorter wall segments and reduced 
numbers of enclosures, classifications were assigned confidence ratings of 1, 2 and 
3. In the level 1 rating, the wall segment lies entirely within the mapped examples, 
while level 2 signifies walls that are predominantly although not entirely within the 
mapped complex. Level 3 marks those walls which run along the edge of the 
mapped examples.
Degrees of homogeneity or variation within each major attribute are primarily 
explored in a series of bar graphs which portray the frequency distribution of the 
quantified attributes (Figs 23-25, 27-29 and 32-38). Junction types are an exception 
because only three variables are considered and these are better compared as 
percentages in pie graphs (Figs 30 and 31). In most cases, frequency distributions are 
plotted by their raw numeric and logarithmically transformed values. It is assumed 
that the more closely peaked a distribution or the more narrow the inter-quartile
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range, the greater the homogeneity of the attributes. Conversely a broader or more 
irregular distribution represents higher degrees of variability. In all cases, these 
frequency distributions or percentages depict, firstly, variability within the entire data 
set generated for each attribute and, secondly, the variability between two subsets of 
that data set These subsets test observations that enclosures near settlements tend to 
be smaller than those farther from settlements and determine if similar tendencies are 
present in the attributes other than enclosure size3 All attributes of the mapped 
examples shown in map segments a and b of Figure 26 are seen as belonging to the 
broadly defined settlement area, while those in segment c are considered to be beyond 
the general concentration of settlements and where gardening predominated almost 
exclusively. The generalized boundary between the two is based on independent 
informant testimony which specified particular locations along several trails where 
one left the “place of houses” and entered the “place of gardens only” (Chapters 3 
and 4). Comparison of enclosure size within the two subsets was taken one step 
further by comparing the frequency distributions found with two pseudo-transects at 
the eastern and western ends of the mapped sample (Figs 41a and 41b respectively), 
which should represent the two extremes in the residential/garden area distinction 
(Fig. 25).
To illustrate how frequency distributions varied spatially throughout the mapped 
samples, two approaches were adopted. To depict spatial patterns in enclosure area, 
each enclosure was marked (Fig. 26a-b) according to its inclusion in one of the three 
logarithmically derived quartiles (Fig. 24). Thus the spatial distribution of the small 
(less than 285 m2), the medium or most common (285 to 733 m2) and the large 
(greater than 773 m2) enclosures can be visualized For the remaining attributes, 
spatial variations are represented by placing the frequency distributions or pie charts 
derived from each of the 18 mapped complexes next to that complex on a composite 
plan of the mapped examples (Figs 29, 31, 34 and 37). The values for Complexes 5 
through 7 and 8 through 10 are combined to muster sufficient numbers for 
comparison Finally, Table 3 presents some standard statistics generated on the 
measured lengths of all radial and transverse distances, continuous wall segments and 
wall segments grouped by continuous wall type (sum).
Homogeneity within the Walled Complex
Assessing the homogeneity of the walled complex will be used as the basis for 
inferring the likelihood of three major assumptions about its development. The first 
concerns the rate at which the complexes became established or expanded. The 
assumption here is that if the system expanded at a relatively rapid rate a higher 
degree of homogeneity would be expected because there would be less time for 
environmental or social circumstances to alter the course of the development. This 
homogeneity would be evident within the plan of enclosures and in the spatial 
distribution of the analyzed attributes. Conversely, substantial diversity throughout 
the complexes is more likely to imply a protracted or episodic expansion. The second 
assumption addresses, regardless of rate of development, temporal constancy in 
environmental and social circumstances. A high degree of homogeneity could imply 
that the conditions within which the complexes developed were relatively stable,
3
Using more specific criteria to address the relationship between proximity to settlements and 
enclosure size, such as absolute distance, would be inappropriate given the limits of the mapped 
sample. In too many instances mapped gardens lie near unmapped residences, and garden 
enclosures located immediately adjacent to mapped residences were not mapped.
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whereas substantial variability would suggest more unstable conditions. For example, 
wall construction or enclosure shape could alter in response to changes in soil fertility 
or erosion. Changes in social organization or ideology could influence wall function 
and the formation or placement of enclosures of different sizes, particularly if gardens 
were increasingly being dedicated to large ceremonial exchanges. An increase in pig 
populations, again reflecting social motives, could heighten the need for garden 
protection, as could a growing concern over the ritual well-being of crops. The third 
assumption concerns spatial continuity during enclosure development. If the spatial 
distribution of wall and enclosure attributes is not homogeneous, particularly if the 
differences are marked, it could indicate the importance of localized influences in the 
establishment and expansion of the complexes. A high and stable degree of social 
autonomy at the local level could be reflected in a diversity of rates of expansion and 
structural practices. Homogeneity would favor the probability that local autonomy 
was weak as the complexes developed.
Overall the results of the analysis create the impression of a highly homogeneous 
walled complex and one that essentially shows only limited variation in the frequency 
of quantified attributes and their spatial distribution. The greatest variability apparent 
is in enclosure size and, to lesser extent, in enclosure shape as represented by the 
radial and transverse distances, most of this variability reflecting observed differences 
between the broadly defined settlement and non-settlement areas. The least 
variability is in the relative numbers of junction types, the lengths of continuous walls, 
continuous wall type (ratio) and continuous wall type (sum). For these attributes, 
variability is not only low in the frequency distributions of the entire data set but there 
is no distinct spatial variability among complexes or between the settlement and non­
settlement areas. If the major assumptions made are valid, then there is more 
variability in the unit being reproduced, that is the enclosure, than there is in the 
process by which these enclosures developed into extensive complexes along shared 
walls or at intersections.
This essential homogeneity is evident in enclosure size despite the wide range of areas 
encompassed by the 736 garden enclosures mapped. This range, from 23 to 5408 m2, 
is not sufficient to overshadow the homogeneity implied by the peaked frequency 
distributions, the narrowness of the inter-quartile range and the widespread spatial 
distribution of enclosures falling within this inter-quartile range (Figs 23, 24 and 26). 
This tendency is further reinforced by the repetition of the square or rectangular 
enclosure plan that so dominates the mapped complex and is reflected in the peaked 
and parallel distributions of the jointly plotted transverse and radial dimensions (Fig. 
26). Within the 1578 junctions classified, the percentages of T and Y junctions are 
roughly equal at 50.8% and 46.3% respectively and their relative percentages do not 
vary greatly nor do they consistently form distinct groupings when the complexes are 
compared (Figs 30 and 31). Throughout, X junctions are poorly represented, 
comprising only 2.8% of the total junctions classified.
The homogeneity apparent in the continuous wall lengths and types depicts 
complexes heavily dominated by shorter wall segments, whose lengths roughly 
approximate the dimension of individual enclosures and those that flank two 
enclosures (one enclosure on either side of the wall segments or continuous wall type 
sum of 2). This remains the case for all 926 continuous wall types defined regardless 
of assigned confidence levels and when their frequencies are displayed spatially (Figs 
32, 33 and 34). Also characterizing low variability is the sharp decline in the
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distribution of continuous wall types (sum) from the simplest form of two to the 
highest sum of 13 adjoining enclosures and the greater tendency for the number of 
enclosures to either side of a wall segment to be symmetrical or nearly so (2/2, 2/3, 
3/3 and 3/4) for continuous wall type (ratio) (Figs 33 and 34). In the case of the 
1359 wall lengths measured, the highest frequencies at confidence levels 1 and 3 and 
a combination of all three levels coincide well with those of the median (23m) and 
mean (25m) transverse distances of all enclosures in the data set (Table 3). The 
frequency of wall lengths at confidence level 2 is slightly higher, pointing to the need 
to include these measurements in any assessment to reduce a possible bias towards 
shorter line lengths (Figs 35 and 36). Again, the fairly wide range in wall lengths, 
from 5 to 45m, does not overshadow the relative homogeneity suggested by their 
peaked and narrow frequencies (Figs 35 and 36).
The only prominent variation within the data set that can be substantiated, therefore, 
is the greater incidence of smaller enclosures in the broadly defined settlement areas 
and the greater frequency of larger enclosures in non-settlement areas. This 
difference in enclosure size is clearly evident in the juxtaposed frequency distributions 
of the settlement and non-settlement subsets, particularly in the logarithmically 
transformed values, and in the comparison of the western and eastern transects (Figs 
23, 24 and 25). An analysis of variance (95% confidence interval for mean based on 
pooled standard deviation) shows that there is a probability of less than 0.001 that the 
compared subsets and transects are not distinct. The logarithmically derived mean 
area for enclosures in the settlement subset (5.96, standard deviation of 0.7866) is 
less than that of the non-settlement group (6.52, standard deviation of 0.7385) with 
the difference being even greater between the eastern and western transects (5.90 to 
6.61, 0.8324 and 0.7570 standard deviations respectively). The spatial depiction of 
enclosures occurring in one of the three quartiles visually strengthens the difference 
between these subsets (Fig. 26). The smaller enclosures falling in the lowest quartile 
(below 25% of the data set) are clearly more prevalent in map segments a and b than 
in c while the larger enclosures falling within the upper quartile (above 75% of the 
data set) are more prominent in map segment c (Fig. 26).
Perhaps more important, this visual presentation demonstrates that no other strong or 
repeated pattern is evident, such as distinct clustering, and that enclosures in the 
different quartile groupings are well represented in a majority of the mapped 
complexes. The lack of clustering precludes identifying, let alone tracing the 
development of a pattern described by informants, which suggested that a group of 
relatively smaller enclosures often surrounded a larger one. The distributions suggest, 
however, that feast gardens are well represented throughout most complexes but that 
they are more frequent in areas farther from the settlement area. This assumes that at 
least a substantial number of large gardens falling within the upper quartile size class 
were dedicated to crops needed for important ceremonial exchanges or feasts. The 
lack of a distinct secondary peak in this upper quartile range also indicates that the 
size of feast gardens was not prescribed, but varied according to different needs.
Enclosure areas were also compared by grouping the mapped examples by territorial 
division and by their location in one of three bands representing lower, middle and 
higher elevations. Among the six territorial divisions no differences were apparent 
that could not be attributed more readily to their inclusion in the settlement or non­
settlement groupings. The three very broad bands devised to represent relative 
elevation group enclosures occurring below the 50m contour, those ranging
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Fig. 22 Examples o f Continuous Wall Types in Complex 16
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2 80%
46 .34%
All Junctions (N = 1569)
g  T Junction 
□  Y Junction 
X Junction
2 .31%
49 42%
48 .27%
All Junctions in Non-Settlement Area (N = 520)
2 .73%
Garden Enclosure Junctions in Settlement Area 
(N = 768)
Garden Enclosure Junctions in Non-Settlement Area 
(N = 501)
Fig. 30 Percentage of Junction Types: all enclosures, garden enclosures, residential yards, those in 
settlement and non-settlement sub-sets and garden enclosures in the two sub-sets
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g  T Junction 
] Y Junction 
I X Junction
Complex 4 (N = 200)
Complex 12 (N = 70)
Complex 13 (N = 84)
Complex 3 (N = 146)
Complex 2 (N = 73)
Complex 6 (N = 51)
Complex 14 (N = 73)
Complex 5 (N = 53)
Complex 1 (N = 169)
Complex 7 (N = 130)
/ p i "  Complex 15 (N = 148)
Complex 9 (N = 5)
Complex 8 (N = 30)
\  \  \Complex 16 (N = 70)
Complex 10 (N = 9)
Complex 11 (N = 145)
Complex 17 (N = 39)
Complex 18 (N = 74)
Fig. 31 Spatial Distribution o f Junction Types by Complex
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Table 4 Junction Types by Complex
M a p p e d
C o m p le x
T o ta l
N u m b e r  of 
J u n c t io n s
N u m b e r  o f 
T
J u n c tio n s
%  Of 
T o ta l
N u m b e r  o f 
Y
J u n c tio n s
%  of 
T o ta l
N u m b e r  o f 
X
J u n c t io n s
%  Of 
T o ta l
#  1 169 103 6 1 % 6 2 3 7 % 4 2 %
#  2 146 69 4 7 % 6 9 4 7 % 8 5%
#  3 73 39 5 3% 30 4 1 % 4 5%
#  4 2 0 0 107 5 3% 91 4 5 % 2 1%
#  5 53 2 9 5 5% 23 4 3 % 1 2%
#  6 51 2 9 5 6% 19 3 7 % 3 6 %
#  7 130 63 4 8 % 63 4 8 % 4 3%
#  8 30 15 5 0% 13 4 3 % 2 7%
#  9 5 2 4 0 % 3 6 0 % 0 0
#  10 9 4 4 4 % 5 5 5% 0 0
# 1 1 145 56 3 9% 86 5 9 % 3 2 %
#  12 7 0 32 4 6 % 35 5 0 % 3 4 %
#  13 84 39 4 6 % 4 3 5 1 % 2 2 %
#  14 73 37 5 1 % 35 4 8 % 1 1%
#  15 148 6 9 4 7 % 72 4 9 % 7 5%
#  16 7 0 41 59% 2 9 4 1 % 0 0
#  17 39 18 4 6 % 21 5 4 % 0 0
#  18 7 4 4 6 6 8 % 28 3 4 % 0 0
T o ta l 1 5 6 9 7 9 8 51 7 2 7 4 7 % 4 4 3%
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Confidence Level 1
N = 677
400 -
Number of Enclosures Along Wall
500 “i
N = 677
300 -
Number of Enclosures
Confidence Level 2
400 -
N = 249
£2 3 0 0 -
g
3-
u  200 -  
h
100 -
Number of Enclosures Along Wall
N = 249
400-
300-
250-
200 -
Number of Enclosures
Confidence Level 1 and 2
N = 926
400 -
Number of Enclosures Along Wall
N = 926
400 -
300 -
250 -
200 -
Number of Enclosures
Fig. 32 Frequency Distribution of Continuous Wall Type (Sum) and Continuous Wall Type (Ratio): 
comparisons between confidence levels 1. 2 and a combinations of 1 and 2
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Settlement Area
N = 597
Continuous Wall Type Frequency
Non-Settlement Area
N =329
200 -
N =329
Continuous Wall Type Frequency
Fig. 33 Comparison of Frequency Distribution of Continuous Wall Types in Settlement and Non- 
Settlement Sub-Sets: includes continuous wall types (sum) and (ratio)
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Fig. 34 Spatial Distribution of Continuous Wall Types (Ratio) by Complex
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Fig. 37 Spatial Distribution of Continuous Wall Lengths by Complex
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approximately between 50 and 130m and those lying between 130 and 200m. Larger 
enclosures are slightly better represented in the upper elevational band, an impression 
reinforced by the spatial distribution of the three quartile groupings (Fig. 26). The 
logarithmic mean area of 6.4 (sd 0.9356) in the upper elevational band contrasts with 
the middle and lower bands which have nearly identical mean areas of 6.006 (sd 
0.8051) and 6.1371 (sd 0.7414).
Measurements representing enclosure shape also support the distinction between the 
settlement and non-settlement subsets, the most immediately apparent difference 
being the greater lengths of the radial and transverse distances in the non-settlement 
subset, which obviously reflect the larger size of enclosures in that grouping (Figs 27 
and 28). When isolating radial distances and transverse distances and then comparing 
each between subsets (Fig. 28), a slight difference in enclosure orientation between 
the two subsets is apparent. Overall there is a slight tendency for transverse distances 
to be longer than radial distances (Fig. 27), indicating that the long axis is more likely 
to lie with the contour of the slope than in an up-slope/down-slope direction. In the 
non-settlement subset, there are proportionately more longer radial than transverse 
lengths, suggesting that a greater number of enclosures are oriented in an up- 
slope/down-slope direction.
Construction Sequences and Ancestral Framework
The following attempt to decipher chronological and spatial trends within the mapped 
complexes begins by extracting potential construction sequences and then deducing 
an ancestral structure from the dominant pattern of squares and rectangles apparent 
today. As previously discussed, the effort to chronologically deconstruct assumes 
that, if the complexes were established primarily, or in part, through the process of 
subdivision, then wall segments could be identified whose construction is likely to 
have postdated that of other walls. Ideally the sequential removal of these segments 
would reveal an original configuration and could also point to phases or variations in 
the spatial distribution of subsequent elaborations.
In a first approach to this question, all walls were marked for removal if they began 
and ended in T junctions, what we have called I segments. To qualify for removal, 
the wall segment must not leave suspended any intersecting walls which cannot 
themselves be removed using the same criteria. Of the 1364 continuous walls defined 
in the mapped examples only 75, or 5.5% of the total number of segments, could be 
classified as I segments and hypothetically removed (Table 5, Fig. 39a-c). These 
removals identify 136 enclosures as having been created through subdivision of a 
larger enclosure, or 16.5% of the total number of enclosures mapped. In only four 
instances could removal occur in a sequence of steps in which the removal of one wall 
could be followed by that of a wall it intersected. In no examples could this process 
be extended past two steps. A less formalized attempt was also made to extract 
continuous walls that ran between T junctions and “weak” Y junctions or between 
two “weak” Y junctions on some of the larger mapped complexes. This expanded the 
range of qualifying angles to those measuring between 45 and 135 degrees, as 
opposed to the 70 to 110 degrees used in the original analysis, and served to see if the 
initial definition of a T junction was too restrictive. This exercise slightly increased 
the number of possible I segments but went no further than the first in identifying 
construction sequences and did not reveal any instances in which wall segments could 
be extracted over more than two consecutive steps.
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A second approach to identifying potential subdivision does not rely on unraveling 
chronologies but on the definition of continuous wall segments. It assumes that any 
group of enclosures could have resulted from subdivision if they are collectively 
bounded by a maximum of four continuous walls and that the configuration thus 
formed could represent a parental enclosure. All enclosures within a hypothesized 
parental enclosure could be considered to have developed as a result of subdivision 
regardless o f junction types. This approach produced 34 instances in which four 
continuous walls encompassed multiple enclosures and identified 81 (9.8%) 
enclosures which could have arisen from subdivision (Table 5, Fig. 39a-c). The 
strongest cases for subdivision are the 42 enclosures, or 5.1% of all enclosures 
mapped, which can be identified as subdivisions by both approaches. If both 
approaches, individually and combined, are considered, then the likely number of 
enclosures originating through subdivision ranges from a minimum of 42 (5.1%) to a 
maximum 180 (20.6%).
The combined or maximum evidence of subdivision is evenly distributed throughout 
the mapped complexes and includes examples from the full range of enclosure sizes.
It suggests that the higher representation of smaller enclosures near settlements did 
not arise from subdivision on a major scale and that most variation in the size of 
garden enclosures reflects patterns created during the initial construction of the 
walled complexes instead of subsequently. The even and widespread spatial 
distribution of subdivision is evident when instances in the settlement and non­
settlement groupings are compared (Table 5) and in the depiction of all hypothesized 
instances on maps (Fig. 39a-c). The even distribution of subdivision across all size 
classes is apparent when instances are compared within the three quartiles presented 
in Table 4. Derived from the frequency distribution of all garden enclosure areas, 
these quartiles group enclosures between 33-285m2, 285-773m2 and 773-5408m2 or 
those that occur within the lower 25% of the data set, the central 50% and the upper 
25%. The percentage of instances in the smallest group is only 6.9 percentage points 
higher than that in the largest group and nearly identical with that of the middle 
group. The combined depiction of these instances of subdivision and the quartile 
grouping in which they occur (Fig. 39a-c) further illustrates the point that subdivision 
was not responsible for a particular range of enclosure sizes in any specific section of 
the mapped complexes.
From both approaches, it appears probable that subdivision did play some role in 
creating the size and shape of the garden enclosures but that this role was relatively 
minor and was not fundamental in creating the pattern evident today. This suggests 
that gardens producing food for feasts and exchanges were an integral and continuing 
part of the system from the beginning.
Analysis so far portrays a collection of complexes that essentially defy being 
systematically deconstructed, making it impossible to reconstruct an ancestral 
structure by extracting segments chronologically. An alternative approach to the 
identification of an older structural framework that could have been obscured by 
enclosure development depends primarily on the analysis of continuous walls and X 
junctions. It assumes that, if present, the superstructure is likely to have consisted of 
a series of long walls dividing the landscape into relatively large segments and that 
identifying long continuous walls within the mapped complexes might create some 
semblance of this ancestral pattern. If newer complexes were constructed over older 
structures, there is the possibility that a significant number of walls might be
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superimposed and a high incidence of X junctions might reflect this superimposition.
If long walls were found which crossed each other in X junctions, this might be a 
significant pointer to an underlying pattern.
To qualify for inclusion in the analysis, a wall must be greater than 41m in length and 
it must flank three or more enclosures on both sides. Selecting three or more 
enclosures on each side emphasizes walls which integrate numerous enclosures and 
are thus more likely to be an underlying feature of a subsequently elaborated system. 
Lengths above 41 m represent the upper or third quartile in the frequency distribution 
of all continuous wall lengths (Fig. 36). Despite consideration of all continuous wall 
segments at all confidence levels, only 71 walls met the combined criteria, or 5.2% of 
all walls classified. Not only do these numbers point to the low representation of 
long, potentially integrating walls, but when plotted (Fig. 40a-c), it is quickly 
apparent that their distribution fails to even hint at a coherent pattern, whether or not 
they pass through X junctions. The proposal that superimposition could have been a 
significant part of the system’s chronological development is equally unsupported by 
the very low number of X junctions, which are also plotted in Figure 40.
Another possibility is that the longest walls, those bounding the trails, were part of an 
initial pattern within which the enclosures developed. If the rules of the previous 
analysis are applied to the mapped trail segments the results basically resemble those 
that arise from examining any part of the walled system. The percentages of T and Y 
junctions that intersect the trails are comparable to those of all classified junctions 
(Table 4). Of the 185 junctions found along the mapped walled trail segments, 53.5% 
are T junctions and none X junctions. Also, if the criterion devised to measure 
continuous wall lengths at confidence level 3 (Appendix D) is applied to the trail 
walls, the resulting frequencies of wall types and lengths are similar to those along the 
edges of mapped complexes This criterion specifies that measurement of a 
continuous wall stops if it diverges from a generalized course by more than 30 
degrees. As shown in Figures 15 and 16, the frequency distributions arising from 
confidence level 3 walls are essentially similar to those defined by confidence level 1, 
implying that they are representative of the general data set. The strongest argument 
against trail walls representing an underlying structure is the winding course of most 
trails, which gives the impression they follow the edges of previously established 
enclosures (Fig. 18). The lack of X junctions along trail walls may indicate that, if 
trails did post-date the enclosures they followed existing alignments instead of 
crossing or cutting through the previously existing enclosures.
Initial Wall Function
The potential significance of two factors as the impetus for wall construction will now 
be considered, one an environmental factor, that of soil retention, and the other a 
social factor, the marking of major territorial segments.
Investigating Soil Retention
Judging the potential significance of soil erosion rests on the extent to which wall 
alignment and enclosure orientation favor the contour of the slope, as would be 
expected if the down-slope movement of soil were being systematically checked, and 
for this tendency to be more pronounced in areas with steeper slopes. At the level of 
enclosure development it could be assumed that, if soil retention were a primary
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concern, enclosure size might decrease as slope increased and enclosure shape 
became narrow and elongated along the contour of the slope. In the case of 
enclosure size, reduced size would serve to create a greater number of potential 
retaining walls per area, and narrower enclosures would allow a greater number of 
retaining walls of greater length to lie with the contour, a configuration exhibited, for 
example, by formalized terracing elsewhere.
To disclose a possible correlation between slope and enclosure area, the slope of each 
enclosure was calculated from the difference in height between the mid-point 
sightings along the up-slope and down-slope walls. Five classes of slope were 
devised with an overall range of 0 to 38.9 degrees. In Figure 41 ranked enclosures in 
the eastern and western transects are presented to show the geographic extremes in 
the mapped samples of walled complexes, together with profiles of the island to give 
an impression of the general slope of the landscape. No consistent or pervasive 
correspondence between slope and enclosure size can be established through 
correlation or spatial distribution. Correlation resulted in a low coefficient of r = 
0.027 and the lack of correspondence in the spatial distributions is apparent at the 
localized level of the complex and against the general topographic trend of the island. 
For the most part, the patch-work distribution of slope rankings within complexes 
and the representation of all five rankings in most complexes illustrate the significance 
of localized variation in the landscape. This was observed for other environmental or 
artificial characteristics not as readily quantified, such as the relative abundance of 
stones, outcrops and internal features within different enclosures.
Not unexpectedly there is a slight tendency for higher slope rankings to be better 
represented in areas with steeper gradients and for a greater frequency of higher 
rankings to occur in the eastern transect where the general gradient is steeper. This 
tendency is not so great, however, that it detracts from the impression of internal 
variability. The general distribution of this variability is evident by comparing the 
percentage of enclosures occurring in each of the five slope rankings for the eastern 
and western transects (Table 6). In both transects enclosure size tends to be greater 
at upper elevations where the slope is greater.
To examine enclosure shape, it will be assumed, as already mentioned, that the 
frequency of enclosures with longer transverse distances should increase on more 
pronounced slopes if soil retention were a primary function of enclosure walls. No 
correspondence between longer transverse distances and slope is evident in any of the 
mapped complexes and no pronounced tendency toward longer transverse distances 
can be inferred from the spatial or frequency distributions (Figs 28, 29, 30).
Although there is a slight tendency for transverse distances to be longer throughout 
the entire data set and for radial distances to be slightly greater in some areas, neither 
tendency is decisive nor do they consistently correspond with greater or lesser slope 
(Figs 28 and 41).
Looking beyond the level of enclosure development, it is probable that longer 
continuous walls and those flanked by multiple enclosures would run with the contour 
of the slope if soil retention were a primary concern. In particular, walls bounding 
multiple enclosures are important because they potentially represent ancestral 
segments and would therefore imply an initial intent of wall construction. It is clear, 
however, in Fig. 40, where the longest and most complex walls are plotted, that they 
do not favor the contour of the slope. In fact, of the 71 walls used in the
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•  X junction
Long continuous wall
Fig. 39a Walled Enclosures Defined as Potentially Resulting from Sub-Division: eastern segment
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Fig. 39b Walled Enclosures Defined as Potentially Resulting from Sub-Division: central segment
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Fig. 40a Distribution of Long Continuous Walls and All X Junctions: eastern segment
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Fig. 40b Distribution of Long Continuous Walls and All X Junctions: central segment
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Fig. 41a Slope of Individual Garden Enclosures in the Eastern Transects Ranked in Five Classes
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Fig. 42 Percentage o f Continuous Wall Segments by Three Categories. Wall type grouped by sum 
o f enclosures on both sides of wall segments
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analysis of an ancestral framework, only 22 follow the contour of the slope while 28 
run in an up-slope/down-slope direction and 21 bend to the point that they include 
both directions. To extend this comparison to all continuous wall types, each 
classified wall type was coded according to whether it follows the contour of the 
slope, runs against it or includes both directions in its course (Fig. 42). Comparing 
percentages of wall orientation by wall type does not support any greater tendency 
for walls, particularly longer walls, to follow the contour of the slope. If anything, 
more longer walls bordering greater numbers of enclosures run in an up-slope/down- 
slope direction or follow both orientations. For the entire data set and for the shorter 
wall bordering fewer (<5) enclosures the percentages of walls running with contour 
and against it are essentially similar. This is not surprising in complexes composed of 
four-sided enclosures, particularly if they initially developed as such. Nothing in the 
orientation of continuous wall types or lengths, particularly those that integrate 
numerous enclosures, favors soil retention as an initial impetus for wall development.
Field observations provide the most convincing evidence, however, that control of 
soil movement played a relatively minor role in the establishment, expansion or 
subsequent alteration of walled complexes. While it was clear that numerous walls 
did retain soil and that some had been modified to increase their capacity to hold 
additional amounts of sediments or loose stones, these modifications rarely extended 
beyond the bounds of a single enclosure. The occurrences were more common and 
pronounced on steeper slopes but, even there, they remained isolated instances in a 
varied local topography and ones that were confined to the fundamental unit of the 
enclosure. No pattern could be found in the distribution of these instances or in their 
particular circumstances that would aid in deducing chronologies even within a 
specific area. In addition, it was obvious in the field that internal features of stone 
mounds and alignments have a greater role in soil retention, since they are distributed 
throughout the enclosure.
Investigating Territoriality
Assessing the question of territoriality and its influence on the establishment or 
elaboration of the walled complexes draws on evidence already introduced, 
particularly the question of an ancestral framework, the extent to which subdivision 
could have occurred within the system and the degree to which variations in the 
structural attributes of the complexes form distinct spatial patterns. It will be 
assumed that if structurally expressed territories were an impetus for wall building, an 
underlying segmentation of the landscape should be identifiable. This possibility 
would be reinforced if subdivision could be shown to have had a substantial role in 
the subsequent development of the complexes because large-scale subdivision would 
require a structural framework within which sequential partitioning could take place. 
In the case that territorial factors became more influential after the initial development 
stages, existing walls could have been modified or enhanced appropriately.
The sum of evidence presented, as well as what could be observed in the field, 
strongly suggests that the structural definition of territories was neither instrumental 
in the origins of the complexes nor prominent at any subsequent stage. Had they 
been of structural significance, then the distribution of long continuous walls should 
hint at a pattern that coherently divides the landscape. The absence of any such 
pattern is clear in the plotted distribution of long continuous walls (Fig. 40a-c) which, 
it was earlier suggested, argues against the existence of an ancestral framework. Also,
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no long-term commitment to walled boundaries is evident in the greater size or 
elaboration of individual walls within the complex (Chapter 3). Walls presently 
claimed to mark major territorial divisions are, in terms of construction, not 
consistently distinct from any others throughout the complex. Although it is 
conceivable that remnants of older boundaries could lie between the complexes 
mapped and would, therefore, have been missed, this possibility seems slight because 
informants claimed that no larger or more important walls existed and none were 
observed during the course of field work, which covered many areas not mapped.
The plausibility of a territorial framework is equally weakened by the argument that 
such a framework is more likely if subdivision were a prominent feature of the 
complexes. The occurrence of subdivision has been shown to be marginal and not 
fundamental. This was seen first in the near impossibility of deconstructing the 
system sequentially and then in being able to identify only 20.62% of all mapped 
enclosures as having probably arisen from subdivision. Even these possible 
subdivisions failed to disclose any patterning in that they were equally distributed 
spatially and within enclosure size classes.
A third line of argument suggests that, if diversity within attributes of the walled 
complexes were shown to be spatially distinct, then it would strengthen the possibility 
that there was a strong and persistent degree of social autonomy among dispersed 
groups. This would indicate the importance of territoriality regardless of identifying 
specific boundary walls. The earlier analysis of structural characteristics, however, 
shows that spatial homogeneity is far more pronounced than any distinct variations 
and that the potential influence of distinct and stable territories on the development of 
the walled complexes is probably weak or non-existent.
Creation of the Walled System
While previous discussions have sought to deduce attributes of the extant system 
which could answer specific questions, this section is more speculative in that it infers 
how the walled complexes, once established, could have expanded to cover the whole 
island. The first part proposes that enclosures were the fundamental unit being 
duplicated and argues that these enclosures were being reproduced, with minor 
exceptions, in their extant form and range of structural variation. The possible 
processes by which duplication took place and spatial direction of the process are 
then discussed in terms of three generalized models.
In terms of the invention or introduction of the walled enclosures, it will be assumed 
that the island was settled and some form of shifting agriculture existed before the 
garden walls were constructed. Given that excluding pigs is a recognized function of 
enclosures as it is elsewhere, it can probably be assumed that pigs were also present. 
This is not based on specific evidence but simply recognizes the common assumption 
that elaborations in subsistence generally occur in later rather than earlier phases of 
landuse or settlement. Based on the mythological overtones of the tradition that 
explains the existence of the walled enclosures as a fully formed phenomenon, they 
were probably established well before 1800. If a development of this magnitude had 
occurred after 1800, then it seems highly likely that informants would have linked 
construction to genealogical or historical personages despite the relatively shallow 
depths of Manus genealogies and oral histories. At least another 100 years can 
probably be added given the minimum time needed to initiate and complete wall
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construction for the entire island. What seems probable from the high degree of 
homogeneity in the attributes of the complexes is that once the process began, it 
continued without pronounced breaks. Again based on homogeneity, the assumption 
seems plausible that the system either expanded at a relatively rapid rate or, if more 
protracted, that it occurred against a backdrop of social and environmental stability in 
those aspects which could influence garden production.
Enclosures as the Primary Unit of Expansion
The proposal that enclosures were the fundamental unit being duplicated during the 
expansion of the system is primarily substantiated by the lack of support for 
alternative explanations and by the difficulties encountered even in trying to identify 
possible alternatives. The reluctance of the system to be coherently deconstructed 
beyond the unit of the enclosure was apparent in all attempts to consistently define 
longer wall segments, identify instances of subdivision and find construction 
sequences. The belief that enclosures developed, with some exceptions, in their 
extant form and range of structural variation is supported by there being no strong 
indication for major restructuring of the garden enclosures or the basic plan of the 
complexes, as reflected particularly by the minimal representation of subdivision.
The major alternative is that the wall segment, instead of enclosure, was the principal 
component that was being reproduced and that arrangements of wall segments 
eventually provided the context in which the current pattern of enclosures developed. 
This has been shown to be improbable in all exploratory analyses attempting to 
establish such a context. Identifying construction sequences was the first such 
attempt. It relied on the existence of independent wall segments which could be 
identified as postdating other walls and whose removal would leave a cohesive 
pattern. Its failure suggests, firstly, that most walls are not structurally independent 
of enclosure formation and, secondly, that there are not enough continuous walls of 
sufficient length and complexity to retain a cohesive pattern from which removals are 
possible.
The relative proportion and distribution of T and Y junctions, which prevented the 
sequential deconstruction of the system, may also support the contention that 
enclosures are the fundamental unit. Given that about half of all classified junctions 
are T junctions, it seemed that numerous chronological removals would be possible, 
but it became apparent that most wall segments run from a T to a Y junction. At a Y 
junction it is impossible to judge the order in which the walls joined and whether they 
joined as independent walls or dramatically bending continuous walls. Of the 798 T 
junctions classified, only 268 contributed to I segments, which means that the 
remaining 530 T junctions were partnered by Y junctions from which no reliable 
assumptions can be made about their continuance or relative chronology. At least 
visually, it is convincing to imagine that these Y intersections represent the primary 
rounded comers of adjoining enclosures. This impression, in conjunction with the 
scarcity of integrating continuous walls, may indicate as well as any analysis that the 
enclosures were the primary unit of the development process.
Other exploratory analyses that failed to extract a structural context greater than the 
enclosure include attempts to define an ancestral framework and remnants of major 
territorial segments. The possibility that extended wall segments developed as 
arrangements for soil retention was also found to be unlikely. In fact, walls obviously
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retaining soil, or modified to do so, rarely extend beyond an individual enclosure.
The primary role of enclosures may be reinforced by comparing the mean lengths of 
three structural characteristics: enclosure dimensions (radial and transverse), all 
continuous wall lengths and the lengths of all segments bordered by a sum of two 
enclosures (Table 3). This contrasts an attribute confined to the unit of the individual 
enclosure with two which could extend beyond this unit or traverse only a part of 
one. The close grouping of these measurements probably suggests that a high 
frequency of walls approximate enclosure dimensions and that the complexes are 
truly dominated by short wall segments whose construction coincided with that of the 
individual enclosures. The weakness in this argument is that wall length frequencies 
in other rectangular systems which developed under very different circumstances 
could look similar simply because a preponderance of shorter walls would always be 
needed to complete the enclosure form no matter what the preceding steps were.
Expansion of Enclosures
Three models which can be put forward to explain enclosures expansion differ mainly 
in their points of departure. The first suggests that enclosures spread from a single 
major center, the second has them diffusing from several dispersed centers and, in the 
third, they begin as scattered individuals or clusters. Obviously these are idealizations 
and the true situation could combine aspects of all three. The actual process by 
which expansion took place can only be hypothesized in terms of broadly defined 
alternatives. If the process were one of accretion, then newly created enclosures 
would be built adjacent to previously existing ones and thus make efficient use of 
already constructed components. This process would suit the first and second 
models, which see expansion spreading outward from centers. In the other 
alternative, enclosures would have been constructed independently, either singly or in 
small groups, and in time would have merged to form a single pattern. This situation 
is that of the third model. Resolving which alternative is more probable requires 
computer simulations to determine if the alternative processes produce unique or 
distinctive enclosure patterns which can be compared with those mapped. All that 
can be done here is to present the three proposed models in terms of the structural 
patterns that could be expected and the possible implications of each. For the 
purpose of these discussions, two assumptions will be made. Firstly, it will be 
assumed that enclosures were created for gardens being planted in a rotational system 
and, secondly, that the continuous complex of enclosures did not arise as a single 
coordinated effort of monumental proportions. Despite the homogeneity in the 
system, there is nothing in enclosure patterns to suggest anything so organized or 
prescribed.
1) Single Center of Origin - The diffusion of enclosures from a single or major 
center essentially implies that expansion occurred, incrementally, from a 
recognizable and distinct area and that an outward trend might be identified if 
structural attributes or enclosure density could be shown to vary as one moves 
away from the central area. Such a pattern could infer social or production 
differences between the central and outlying areas and would be expected if there 
were broad-scale differences in land use or if innovations began near concentrated 
or disproportionately important settlements. Such a pattern could mark 
centralized political or social institutions.
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2) Multiple Centers of Origin - Enclosure expansion in this model is similar to that 
of the first except that it occurred from several dispersed but well-defined centers, 
with diffusion from each eventually merging into a single network. Trends in 
structural variability might also be expected, at a smaller scale, from the centers 
towards the outer edges of their expansion. If such patterns were detectable, they 
would support a characterization of settlement and production patterns that were 
decentralized but discrete within relatively stable territorial spheres. If the 
expansion of enclosures began near settlements, then recognizable patterns around 
independent centers could imply clustered settlements rather than scattered 
residences within distinct territories.
3) Dispersed Origins - This model considers a more random process in that 
enclosures were created in a scattered distribution either independently or in small 
clusters. As the non-formalized space between enclosures or clusters filled in, the 
structural attributes generated were more likely to be idiosyncratic than distinctly 
patterned. In regard to the nature of settlements and territories, two implications 
are possible. The first is that settlements and major territorial divisions did not 
exert a strong influence on the spatial development of the complexes. The second 
is that, if settlement distribution and territorial division were influential, then the 
settlements were probably dispersed instead of clustered or concentrated and the 
lands being gardened were under the control of individual groups which were not 
necessarily imbedded in a strong and stable territorial framework.
Given the over-riding degree of homogeneity in the system, the only structural 
attribute that can evaluate these three models is enclosure size. The greater number 
of smaller enclosures in the broadly defined settlement area in the east points to a 
pattern of spatial concentration which contrasts with the higher frequencies of larger 
enclosures in the non-settlement area to the west (Fig 25). In a very broad sense this 
can be seen as supporting aspects of the first model which emphasizes centrality and 
outward expansion. Taking this distinction between smaller and larger enclosures 
beyond generality and establishing distinct outward trends is, however, negated by 
the juxtaposition of small, medium and large enclosures within the mapped samples. 
This diversity of enclosure size in most locales reduces the probability that expansion 
occurred from a specific center of departure and spread incrementally outward 
towards a broad non-settlement area Arguing for and against such a trend is 
precluded statistically because only scattered parts of the continuum of walled 
complexes were mapped. The generalized difference in enclosure size between 
settlement and non-settlement areas could indicate, as suggested by the first model, 
that some broad-scale differences in landuse existed when the wall enclosures became 
established and expanded. It could also indicate that settlements were unevenly 
distributed or consolidated and that resulting concentrations could reflect a 
centralized political and social focus.
The likelihood of the second model, which proposes the existence of multiple centers 
expanding outwards and eventually merging, is also reduced by the dominance of 
mixed enclosure sizes within most complexes or locales. This diversity provides no 
hint o f separate centers or distinct patterns that might arise when one expanding set 
of enclosures met another. No such pattern is apparent even within the broadly 
defined settlement area, where the greater frequency of smaller enclosures might 
allow recognizable clustering. Overall, the mapped sample presents more limitations 
for evaluating this second model than it does for the first and third models; the third
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model implies a scattered or random distribution that would be evident regardless of 
sample distribution, while in the first model fragments of a broad trend should show a 
direction wherever it was intercepted by sampling. The restriction of mapped 
complexes to the northern and western slopes would only be adequate to detect a few 
widely spread centers of dispersal if multiple centers were located throughout the 
island. The abandoned settlements of Leut (Fig. 11) may have been such a second 
center but data to address this question could not be collected because dense 
vegetation prevented mapping and obscured observations during reconnaissance 
surveys. Another line of evidence, the lack of any indication for distinct and stable 
territories within the walled complexes, is probably the strongest case to be made 
against the second model.
Aspects of the third model, in which enclosures developed in a more random or 
dispersed distribution, conform better with the virtually idiosyncratic mixing of 
relatively large, medium and small enclosures in the mapped examples and the failure 
of this variation to form a pattern at a localized level. The variable mix of enclosure 
sizes may also be indicative of a process in which scattered non-adjacent enclosures 
converge in multiple intervening spaces. Multiple convergences could easily foster a 
greater degree of idiosyncratic arrangements of enclosure sizes than would be 
expected in an accretion or clearly directional process. The absence of strong 
territorial boundaries in the walled complexes helps substantiate the weak territorial 
implications of the third model.
This more random process could also be seen as more compatible with the 
ethnographically documented practice of cultivating separate groups of enclosures 
(Chapter 4). This results in a patchwork landscape in which gardens at different 
stages of cultivation are scattered within a matrix of secondary growth vegetation.
As described earlier, the practice entailed the sequential cultivation of three 
contiguous enclosures which reflected the three major cropping cycles, while 
concurrently or subsequently sets of enclosures were generally cultivated on non­
adjoining lands. An alternative rotation sequence could create, hypothetically, a 
contrasting pattern of walled enclosures. If the cultivation of garden plots during the 
initial development phase followed a continuous path back to the initial plot, then a 
process of accretion might be more evident in enclosure development and collectively 
these enclosures might produce a clearer spatial trend. The absence of these patterns 
in the mapped complexes further supports the probability of a dispersed development.
Given the minimal evidence of on-going alteration or elaboration of the walled 
complexes, except where residence yards were created from garden lands, it seems 
likely that enclosure size was predominantly determined when walls were originally 
constructed to surround the cleared plot and that this size suited the production needs 
of the moment. Thus if larger or smaller gardens were needed for whatever purpose, 
then their establishment would constitute the progenitor size and shape. Presumably 
the placement of the enclosures would become increasingly reinforced with each 
successive use. If this were the case, it suggests that production needs on the whole 
were quite consistent throughout the development process, because the range of 
garden sizes is relatively narrow and enclosures on the upper and lower ends o f the 
range are fairly equal in their representation (Fig. 24). The variable mix of enclosure 
size at the local level, despite the general settlement and non-settlement distinction, 
might also conform with a dispersed and more idiosyncratic development instead of a 
more contiguous and orderly one.
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Based on the strengths and weakness of these three models, the most promising 
interpretation of enclosure expansion is that the greater frequency of smaller 
enclosures in the settlement areas could represent a very broadly defined center of 
origin. Within this context, it is proposed, these complexes originally developed from 
dispersed individual or clustered enclosures whose eventual convergence obscured 
expansion trends if any ever existed. The qualification still holds that an independent 
center could exist within the Leut residential area on the northeastern side of the 
island. This notwithstanding, the contrast between a central and an outer area does 
suggest a broad distinction in landuse or organization but one in which the influence 
of major territorial divisions is not evident.
Summary
What can be inferred about the development of the walled system from the preceding 
analyses can be summarized in the following nine major points. It is clear that these 
conclusions cannot be defended equally but together they portray the most likely set 
of circumstances in which this now continuous complex of walled enclosures 
developed.
1. The antiquity of the complex extends well beyond the relatively recent past and 
could be of considerable age.
2. The initial complex developed primarily as enclosures and not as a series of walls.
3. Enclosures probably originated and expanded mainly as individual enclosures or 
small groups of enclosures and did so in a dispersed distribution. The process of 
expansion was dominated by the continued construction of dispersed units which 
eventually converged into a continuous complex.
4. Given the high degrees of homogeneity throughout the complex, expansion 
probably occurred relatively rapidly or against a backdrop of environmental and 
social stability or continuity.
5. Once established, the enclosure complex underwent no major modification or 
elaboration in form or plan, except where residential yards were created from 
garden land. A moderate number of enclosures were probably created through 
subdivision, but these alterations to extant complexes did not change the 
fundamental character of the whole.
6. Enclosures probably expanded from a generalized center or core area, as 
suggested by the higher frequency of smaller enclosures in the broadly defined 
settlement area compared with the greater number of larger enclosures in 
complexes in non-settlement areas. This distinction could point to broadly defined 
differences in the organization of landuse.
7. Soil retention was not a major factor in the initial development of enclosures nor 
did it influence the course of their expansion or cause any major post-expansion 
alterations.
8. Delineation of major territorial jurisdictions did not influence the development or 
subsequent modification of the complex, possibly indicating that territorial
The Structure and Development of Walled Enclosures 233
distinctions were weak or unstable during enclosure expansion or that control by 
individual groups was more influential.
9. Given the very moderate degree of major post-expansion alteration to the 
complex, any pressure to increase production was not expressed in enclosure 
development or these needs could be accommodated by the extant complexes. If 
most of the larger enclosures mapped represent gardens reserved for ceremonial 
exchanges, then these feast gardens were present during the initial development 
phase; they were widely represented in most locales; and their numbers were not 
significantly reduced through time by subdivision. Their size was not sufficiently 
prescribed that they formed a distinct size class, possibly indicating that the range 
of ceremonial needs varied depending on the occasion or status of the participants.
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Chapter 6
The Walled Fish Traps of Andra
Despite the near monumental appearance of these complexes on aerial photographs, the 
basic elements of trap construction and use are relatively simple (Plate 8). All traps 
consist of a heart-shaped enclosure and two walls forming a V-shaped corridor whose 
apex opens into the enclosure (Figs 47 and 48, Plates 9, 10 and 11). In the more typical 
examples enclosures measure 15 by 11 meters and the V-shaped corridors extend for 26 
meters. Walls are formed of heaped reef rubble and broken coral fragments and rarely 
exceed 40 cm in height. Most lie along the windward edge of the reef flat where rubble 
accumulates with high seas, and waves generated by the strong north-west trades disrupt 
or completely destroy the traps every year. Annually most traps need rebuilding once 
the calmer southeast winds begin and low daytime tides allow access to the exposed reef 
flat. Once prepared, they function primarily with the falling tides, specifically those 
which are particular to a two-month period between August and October. Men and 
women can collect the catch but the senior man of the lineage is strictly responsible for 
re-establishing the exact configuration of each trap during reconstruction. All traps are 
owned by individual lineages with most said to hold two to four adjoining traps.
This chapter begins with an examination of the distribution of walled traps throughout 
Manus as can be reconstructed from aerial photographs taken in 1943. The following 
section addresses fundamental questions about the structure and routine operation of the 
walled traps individually and as extensive complexes. Recounted is the construction and 
use of individual traps which allow labor requirements to be assessed in terms of 
construction and maintenance. The attributes of trap form and distribution are then 
described as can be characterized from examples mapped in 1987. By all informant 
accounts, tides and the presence of fish on the reef flat are the two most important 
factors determining trap productivity. The tides are addressed first, with an attempt to 
characterize general tidal patterns on the Andra reef; to identify those variables that 
make particular tides more effective; and to predict the frequency and duration of 
favorable tides over a number of years. The discussion of catch size and composition, 
the more direct measure of yields, is presented in Chapter 8. Finally, the organization of 
the walled traps within the complexes is addressed, firstly, through described ownership 
patterns, including distribution of catch, and, secondly, by examining development 
phases which could indicate how the walled traps became established and subsequently 
expanded into extensive complexes.
As with many traditional fishing methods, the following describes a method in decline. 
Of the 118 traps evident on the Andra reef in the 1943 photographs, only 47 were in use 
in 1987 (Figs 47 and 48). Informants describe this decrease as one of attrition in which, 
year after year, some owners choose not to reconstruct or maintain their walled traps. 
Some attribute this trend to the introduction of modern materials and fishing methods 
that have slowly replaced or transformed older methods and thus made the fish traps 
appear obsolete. For others, reconstruction efforts no longer seem worthwhile because 
of a perceived decline in the number of fish caught not only in the traps but by most 
methods, old and new. The rate of attrition was particularly pronounced after unusually 
heavy seas and severe storms battered the windward reef crest during the 1970’s. In 
addition to destroying many traps, they piled or shifted massive amounts of reef rubble
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along the reef crest and substantially increased the difficulty of re-establishing the shape 
and location of former traps.
Walled Fish Traps in Manus
Walled or fenced fish traps were widely used in Manus and their former distribution is in 
large part discernible from low altitude aerial photographs taken by the Allied Forces in 
1943 and 1944. Roughly four patterns of trap type or complexity can be defined. By 
far the most extensive were the complexes constructed adjacent to the islands of Ponam, 
Andra and Ahus. On the Ponam and Andra reefs alone, a total of 395 individual traps 
created nearly continuous formations along the northern reef edges, while on Ahus 76 
larger traps covered major portions of the interior flat (Figs 44, 45, 46). All three 
islands lie on similar reef platforms that are linear segments of a broken barrier reef 
which parallels the north coast of Manus (Fig. 43). Before this study was undertaken, 
the only description of the walled traps was by Carrier who briefly describes the walled 
traps as being “heart-shaped with funnels leading to the mouth” and used in the “low 
water season” of June through August (Carrier 1982:913). The distribution of walled 
traps on Ahus (Fig. 46) differs from that of Ponam and Andra in that they are found 
throughout the interior of the reef flat instead of being concentrated primarily along the 
reef crest. This may reflect minor differences in reef topography and resulting tidal and 
current conditions among the islands which are suggested by the location of their sand 
cays on the reef segments. Both Ponam and Andra are clearly elongated cays 
prograding from west to east while the more stable sandy cay of Ahus lies on the eastern 
side of the reef flat
In the second pattern, the walled traps are of similar shape and size but they occur only 
in small complexes or as individual traps. They were clearly present on the reef flats of 
other barrier reef segments and intermittently along the fringing reef of the north coast, 
but none formed continuous complexes. The third pattern lies off the southern coast of 
the eastern point of Manus, near Lonui village. The V-shaped funnels of these traps are 
apparent, but no enclosures are constructed at the end of the V in these small complexes 
Informants from Lonui said that this open end was closed with nets and fish were driven 
towards the V on favorable tides. Along the broad fringing reef of the south coast of 
Manus, the fourth pattern consists of large, amorphous enclosures that are clearly 
artificial. These were probably the large staked fences built on the reef flat by the 
specialized fishing communities of the south coast, which are pictured in Nevermann 
(1934: Plate 10) and described by Conroy in 1947 as “elaborate and extensive, 
sometimes covering several acres of reef’ (Conroy 1947:21). He was told that they 
were used mainly during the spawning season when large schools of fish move through 
the area. Despite this wide distribution and diversity of walled or fenced traps, the 
creation of extensive complexes on the three barrier reef segments of Andra, Ponam and 
Ahus appears exceptional.
Annual Reconstruction and Use of the Walled Fish Traps
The process of reconstructing the walled traps divides into three basic phases: the initial 
re-creation of wall alignments; construction of the wall; and clearing the trap interior of 
small rubble. In the first phase, the senior male of the lineage which owns the trap 
marks the course of the trap walls with large pieces of rubble or coral blocks. This act
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Plate 8 Aerial Photograph of Central Portion of Andra Reef in 1943. Walled fish traps 
are visible along northern margin of the reef edge.
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aims at replicating every year the exact configuration of individual traps, including 
distinctive bends or curves in the enclosure and corridor walls. Only the heads of 
lineages are said to have the knowledge necessary to re-create these alignments, in large 
part because they can recognize specific reef blocks and solid formations by which wall 
alignments are oriented. Most of these landmarks remain stationary throughout the 
period of heavy seas and are particularly important if they mark points where 
neighboring traps join and where reconstruction begins. Informants stressed that the 
repeated performance of this task was crucial for demonstrating and reaffirming 
ownership of a trap or set of traps by a lineage. The persistence of these faithful 
renderings is evident in 23 of the traps mapped in 1987 where many components appear 
identical to their counterparts on the 1943 aerial photographs.
In the second phase, larger pieces of rubble are piled along the set alignments to create 
the basic width and height of the wall. This process clears rubble from the interior of the 
enclosures and from strips along both sides of the corridor walls and exposes a hard 
algae-encrusted reef surface or one dominated by sand deposits. Any family member 
can do this work alone or in a group but most of it was apparently done by women, who 
also maintained the walls during their period of use. The third and final phase can take 
place only after intervening high tides and wave action bring smaller rubble to the 
sanded surface of previously cleared areas (Plates 12 and 13). The newly exposed 
rubble is collected and heaped on the wall or used to fill holes in the stacked rubble 
framework to keep fish from hiding when they enter the traps or are being pursued. 
Removing small rubble from the interior also allows fish to be caught with nets more 
easily and efficiently. As the final touch, halves of large clam shells ( Tridacna maxima), 
coral heads or small rubble piles are placed at one or both sides of some enclosures to 
serve as a decoy hiding place for the trapped fish (Plate 9).
The period of reconstruction is limited by the amount of time that low tides expose the 
reef and thus allow access for rebuilding trap walls. From the latter part of June to mid- 
August, four tidal cycles occur in which low tides drain much of the windward reef flat 
at midday. Within each cycle, sufficiently low tides last from three to six hours a day on 
four consecutive days. Thus approximately 16 days are available for reconstruction, or 
a combined average of 96 hours each year. The exact time needed to reconstruct traps 
is difficult to define precisely because the number of people involved can vary greatly, as 
does the amount of time spent on reconstruction on any available day. Informant 
depictions indicate that if one individual worked alone it would take about four days to 
rebuild a trap, provided the individual worked each day for four hours. If two to four 
traps are owned by a lineage, then it would take between eight and 16 days to complete 
those of that lineage. In reality, however, the actual number of hours spent in 
reconstruction is much less because multiple family members participate and the time 
span over which these activities occur is much greater. With the exception of the first 
phase, the reconstruction process appears almost incidental, with much of the work 
being done on the way to and from other activities. Thus anywhere from 10 minutes to 
four hours could be devoted to trap reconstruction on a single outing. By informants’ 
own estimates, which did not give the impression of being precise or prescribed, it takes 
the collective household two to three days to construct the basic walls of a trap and then 
another day or two to remove smaller material from inside the trap. At a minimum, time 
has to be allowed for the intervening high tides and wave action to bring small rubble to 
the surface of sanded areas before the final phase can be completed.
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Once prepared, the traps function almost exclusively with the receding tide and, at any 
given time, their productivity relies on the number of fish gathering on the reef during 
the night. The critical factors that make these particular tides effective are that they fall 
rapidly; they fall to low levels; and they do so early in the morning. Fish that have 
congregated on the reef during the night sense the falling tide and impending dry reef 
and are thus forced to leave relatively quickly, sometimes in concentrated numbers. If 
the fish, for whatever reason, are not on the reef at night, then traps catch little despite 
the effectiveness of the tide. These prime tides also occur over a two-month period in 
which low tides take place on four consecutive days in each of four tidal cycles. Thus 
traps were used for approximately 16 days a year from mid-August to the beginning of 
October.
On these prime days members of the lineage who own walled traps wait by the entrance 
of their enclosures early in the morning “when others are still sleeping and beginning to 
feel hungry”. When fish are no longer entering the trap, or not in substantial numbers, 
the entrance is closed by stacked rubble blocks or a scoop net. This should be done 
when fish are still swimming in confusion within the trap and before they attempt an 
escape back through the entry. The scoop nets (kupwen)1 used to retrieve fish are 
always maneuvered in pairs with one being used to scoop the trapped fish as the other is 
held flush with the reef surface to block the escape of pursued fish. This process is 
slowly repeated around the entire enclosure until all have been caught and placed in 
baskets, a process that takes between one and three hours depending on the numbers of 
fish caught. The last step is finding fish that have evaded capture by hiding in small 
crevices along the trap walls or in the intentionally placed clam shells and coral heads. 
Each clam shell or coral head is surrounded with scoop nets and then gradually lifted 
until hiding fish are frightened into the nets. Spears are strictly forbidden in or near the 
traps because the smell of blood is thought to warn fish of danger and frighten them 
from entering the traps. Apparently any family member, regardless of gender, can 
retrieve a catch.
Form and Distribution of Walled Traps
Despite some idiosyncratic variations, the basic form of the walled traps is very 
consistent and all are composed of two components: heart-shaped enclosure (changin 
papai or “body” of the trap) and two walls forming a V-shaped corridor (dranghen 
papai or “legs”) leading to the enclosure. Enclosure walls always turn inward at the 
base to form narrow parallel entries which divide the lower half or two thirds of the 
enclosures into two lobes (Figs 47 and 48). The two walls forming the V-shaped 
corridor always join at the enclosure base or immediately before the enclosure wall 
bends to form the entry. Despite this similarity, there is sufficient variability in shape, 
size and localized circumstance to propose three major groupings: those constructed 
along the windward reef crest; those facing major drainage passages that breach the reef 
margin; and those lying within the leeward half of the reef flat. Most informant 
descriptions typify the reconstruction and use of those lying along the windward margin 
of the reef flat where the greatest numbers of traps occur.
1 This scoop net is constructed of two narrow-diameter poles, the shorter of the two being attached at 
right angles to the longer (cf. Plate 17). In one example the longer, usually bent, pole measured 127 
cm, while the shorter side was 43 cm long. The small mesh net forms a loosely hanging triangle 
between the two.
ßThe Walled Fish Traps of Andra 251
- ^ V
Fig. 47 Representative Example of Walled Trap with Profiles (GMJ-K)
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Fig. 49 Oldest Reputed Walled Trap on Andra (GMI-F)
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Plate 9 Walled Trap (GMJ-E) Being Rebuilt Along the Eastern Reef Crest. Note clam 
shell halves placed as decoys in each trap lobe, degree of ponding in cleared 
areas and rubble accumulations in the foreground. View faces south across 
exposed windward reef flat, submerged leeward reef flat, Paienbrus Island and 
the Manus mainland in the distance.
Plate 10 Walled Trap (GMG-D) Located Immediately West of the Major Drainage 
Channel Naganui. Note the encroaching tongue of broken branch coral in the 
foreground View faces south across partially submerged reef flat and the 
western half of the Andra sand cay.
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Plate 11 View of Walled Trap (GMJ-D) Facing North Across Rubble Zone to Waves 
Breaking at the Reef Edge
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Plate 12 Trap Wall with Rubble Stacked Over Foundation Cemented by Coralline 
Algae: tape measure extended to 50cm
Plate 13 Trap Wall Composed of Various Types and Sizes of Reef Rubble
The Walled Fish Traps of Andra 268

The Walled Fish Traps of Andra 271
Plate 14 Aerial Photograph of Walled Trap within the Pityilu Island Reef Flat
Plate 15 Long Corridor Wall on Trap Located within the Ahus Reef Flat. View facing 
northwest across trap enclosure and other trap of the complex. Note sand 
accumulations directly leeward of the corridor wall
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The walled traps lying along the windward reef crest form complexes of closely spaced 
parallel traps whose corridor walls join, effectively creating a continuous barrier (Fig.
44; 48 A-B, Sites GMD, GME, GMF, GMJ and GMK). Oriented perpendicularly to the 
reef edge, their enclosures face seaward and the V-shaped corridors open directly onto 
the inner reef flat. Most traps span two reef morphological subzones, the rubble 
subzone and the moated subzone, which form bands parallel to the windward reef edge 
(cf. Fig. 59). The rubble subzone consists of poorly sorted coral fragments and reef 
blocks carried from the windward reef front by storm waves and deposited along the 
reef crest. Trap enclosures are nearly all located within the rubble subzone, although 
some lie as much as 17m from the seaward boundary of this subzone. The V-shaped 
corridors generally extend well into the moated subzones unless encroaching rubble 
obscures the moating effect. Prolonged ponding in the moated subzone may contribute 
to trap effectiveness if fish take refuge in the slightly deeper waters until their only 
option is to leave the draining reef towards the traps.
The reef crest is the most elevated portion of the reef, the first to emerge as tides fall, 
and often receives the brunt of wave action, particularly during the northwest trade 
winds. According to informants, traps along this stretch are the most exposed to 
damage, which probably accounts for their disproportionate decline in numbers since 
1943 (Table 7). Of the 118 traps visible on the 1943 aerials 90, or 76%, occurred along 
the windward reef edge By 1987 only 23, or 49%, of the 47 traps mapped remained in 
this grouping. Susceptibility to wave damage is not evenly distributed along the reef 
crest. An example given was a stretch called Paranah which lies midway between the 
major drainage channel (Nganui) and Papienbrus Island Not one of the traps which 
lined this stretch in 1943 remains. Although these always suffered greater damage, 
extreme storm waves in the 1970’s not only disrupted traps but deposited significant 
amounts of new rubble which further discouraged trap reconstruction. An example of a 
less exposed stretch is that of Complex GMJ (Fig. 48b). The relative stability of this 
complex is shown by the degree to which wall segments have been rendered stationary 
by coralline algae. Cementation presumably reflects the combined factors of age and the 
reduced turning of rubble by wave action. Foundations on seven of the 11 traps in this 
complex show some sign of cementation.
The manner in which the reef crest drains is also said to vary, particularly the rate and 
thoroughness with which it drains. These factors apparently make traps along some 
stretches potentially more productive than others. The more advantageous 
circumstances are those in which water levels remain high enough for fish to swim freely 
through the trap entry and around the enclosure as tides recede. If traps dry too quickly, 
particularly during extremely low tides, fish leave towards the leeward side of the reef. 
These differences appear to reflect broad trends, as well as minor variations, in reef 
topography. For example, the western half of the windward reef flat slopes slightly to 
the east as far as the large surge channel (Nganui) that breaks the reef margin, and 
appears to be slightly higher than the eastern half of the reef. As the tides recede, the 
western reef crest becomes exposed in a southeasterly progression. Traps located 
farther west of the surge channel dry sooner and more rapidly and remain ponded for 
shorter periods than those closer to the channel, unless localized circumstances 
supersede the general trend. During mapping, the effects of localized, and very slight, 
variations in reef elevation were evident in adjacent traps. A trap no more than 10 to 
20m from another was slower to drain, remained at least partially ponded and filled 
more rapidly with the incoming tide. The complexes mapped as GMJ and GMK lie at a
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lower elevation than the reef crest to the east and west, which always drained earlier and 
became submerged later as high water returned
The orientation of walled traps lying on or adjacent to major surge channels or drainages 
is much more variable (Fig. 48b: GMA, GMG, GMH and GMI). Their positions 
probably take advantage of the more complex drainage patterns found near these reef 
formations and their more irregular topographies. The enclosures and V-shaped 
corridors of these traps bend at differing angles, with their enclosures facing particular 
sections of the irregular reef margins and their corridors opening to tidal currents 
specific to these irregularities. There are more instances in which one trap fronts others 
and thus appears to be blocked by them. In the examples of GMA-B and GMG-B (Fig. 
48a), both appear to be slightly more elevated than those that block them, indicating that 
these traps may be more effective at different levels of a receding tide.
By all informant accounts traps along drainage channels were the most productive, 
primarily because greater numbers of fish leave the reef through these major channels. 
Most are obviously less elevated than the surrounding reef flat and slightly recessed 
from the reef edge, which gives them the additional advantages discussed earlier: they 
remain ponded for longer periods and are less susceptible to repeated wave damage. At 
the two major channels the rubble subzone is either very weakly developed or non­
existent and much of the surrounding area resembles the neighboring reef flat which 
supports patches of small branch corals, encrusted dead corals, sand pockets and rubble 
tracts. The area fronting the major surge channel of the northern reef edge is subject, 
however, to inundation by elongated deposits of branch coral fragments called shingle 
tongues. Traps GMG-C and GMH-C were being actively buried by these migrating 
lobes in 1987. The value of maintaining traps in these favored positions and their 
relative stability is evident in comparisons with the 1943 aerials. Of the 19 traps visible 
along the channels in 1943, 16 remained essentially intact in 1987 (Table 7). This 
grouping represents 16% of the total number of traps in 1943 and by 1987 this 
percentage had risen to 34%.
Reflecting this relative stability, significant amounts of cementation are apparent on eight 
of the 16 traps mapped in this grouping, with moderate signs of cementation occurring 
on two others. In some cases portions of wall foundations are so thoroughly cemented 
by encrusting algae that less wall reconstruction is required. Preparation essentially 
entails clearing the interior of the traps and filling crevices in the cemented rubble to 
prevent fish from hiding. The most extreme examples are those of the two reputedly 
oldest traps on the reef. Walls on the oldest and largest trap (Fig. 46 and 48a, Site 
GMI-F) are wider than most walls, averaging 2m in width and reaching a maximum 
width of 3.7m. The second oldest trap (GMA-C) is as thoroughly cemented, although 
the walls are not as wide. In both instances, more recently piled rubble lies along the 
outer edge of the enclosure walls, illustrating how wall width could have expanded 
outward over time.
The third grouping of traps which lie within the western half of the reef flat takes 
advantage of tides draining south towards the leeward reef edge (Fig. 48a, Sites GMB 
and GMC). The enclosures point leeward with the proportionally broader V-shaped 
corridor opening towards the north Although always few in number, traps in this
The Walled Fish Traps of Andra 277
Table 7 Decline in the Number of Walled Traps Identified on the 1943 and 1980 Aerial 
Photographs and in 1987. Totals grouped by all mapped examples and those 
located along the reef crest, along drainage channels and within the reef flat. 
(Note: trap numbers on drainage channels may be underrepresented for 1980 
because the aerials are over-exposed in this area)
Number of Traps Identified on Aerial Photographs or Mapped by Year
Y e a r T o ta l R e e f
C r e s t
%  o f  T o ta l D r a i n a g e
C h a n n e l s
%  o f  
T o ta l
R e e f
F la t
%  o f  T o t a l
1 9 4 3 1 1 8 9 0 7 6 % 1 9 1 6 % 9 8 %
1 9 8 0 5 8 4 0 6 9 % 1 0 1 7 % 8 1 4 %
1 9 8 7 4 7 2 3 4 9 % 16 3 4 % 8 1 7 %
Traps Appearing in Multiple Years
Y e a r T o ta l R e e f
C r e s t
D r a i n a g e
C h a n n e l s
R e e f
F la t
1 9 4 3  & 1 9 8 0 2 0 13 6 1
1 9 4 3  & 1 9 8 7 2 4 12 11 1
All 2 0 1 2 7 1
1 9 8 0  & 1 9 8 7 12 7 1 6
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position were significantly altered between 1943 and 1980. In 1943, this grouping 
included three traps located near the leeward reef edge, one within the center of the 
western reef flat and a cluster of five traps off the northwest point of the Andra sand cay 
(Fig. 44). By 1980 and 1987, those along the leeward reef edge were gone; two 
additional traps had been added to that near the center; and the cluster had been 
replaced by five traps forming a single continuous series of traps. The total number of 
traps thus dropped only from nine in 1943 to eight in 1980 and 1987, while their 
percentage of the overall total rose from 8% to 17% (Table 7).
The two extant complexes (Fig. 48a, Sites GMB and GMC) lie immediately south of the 
interface between the sanded reef flat and the aligned coral subzone (cf. Fig. 59). The 
aligned coral subzone covers most of the windward reef flat and is generally exposed by 
the lowest tides. The sand and sediment deposits that blanket the leeward half of the 
reef flat remain submerged except for some elevated sand accumulations and scattered 
live coral colonies. While the traps themselves lie on the sanded portions of the reef, the 
long corridor walls at the extreme ends of the complexes stretch to the edge of the 
aligned coral subzone and thus divert fish leaving the exposed or draining half of the 
reef. Informants did not indicate that use of these traps differed from the others, 
although it can probably be assumed that they are effective later than those on the reef 
crest given the differences in elevation Even during the lowest tides of July and August 
1987, a water level of about 10 cm remained in and around the traps while much of the 
reef flat had drained
Inundation by sand deposits poses the greatest threat to these traps, which probably 
explains why the cluster of five traps off the northwestern point of Andra was eventually 
replaced. On the 1943 aerials, the cluster is obviously not resting on a predominantly 
sanded reef surface as the replacements are in the 1980 photographs or were in 1987. 
Instead, the clusters are surrounded by an area whose darker tones and patterning 
resemble live colonies of smaller branched corals which occur in the aligned coral 
subzone. This coincides with informant accounts that the western half of the reef flat 
once supported substantial patches of branch corals that were eventually destroyed by 
prograding sand deposits. Construction of the new complexes was said to be 
controversial, with some believing that the newly created barrier reduced the number of 
fish entering the reef on incoming tides. The traps themselves appear to alter sediment 
patterns on the reef. Water draining from the reef was clearly restrained by the walls of 
the traps and remained at artificially higher levels behind those walls. Currents visibly 
streamed through the trap entryways and between gaps in the trap walls as the tides fell. 
Fine-grained sediments, marked by current patterns, accumulated directly below the trap 
walls, while the less sorted sediments which settled behind the walls resembled those in 
the more ponded areas of the reef flat (Plate 15). An aerial photograph of traps on the 
Pityilu reef (Plate 14) demonstrates how a trap can disrupt general trends in coral 
development and sedimentation across a reef flat.
The measured attributes of the 47 traps mapped (Tables 8, 9 and 10) quantify variations 
in trap size and shape that are visually evident in the maps themselves. These data and 
the extent to which they characterize former traps are biased for several reasons. The 
47 extant traps represent a skewed distribution of the 118 traps visible on the 1943 
photographs in that they do not constitute a true sample of their former range. Instead 
they cluster in segments, and summaries based on these attributes may over-represent 
minor characteristics particular to those segments. Data on the attributes of the V-
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Table 8 Summary o f Measured Attributes o f Walled Traps: area enclosed or bounded 
by walled traps (m2). Summaries grouped by all mapped examples and those 
located along the reef crest, drainage channels, and within the reef flat
N um ber 
of Traps
Total A rea %  Of 
Total
Corridor
A rea
%  of 
Total
E nclosure
A rea
%  of 
Tota l
All Traps
Total 47 30953 .91 100% 2 4 7 5 2 .3 7 100% 6 4 8 8 .7 3 1 00%
M edian 6 0 3 .1 6 4 9 8 .2 0 1 3 5 .0 6
M ax im u m 2 1 7 3 .8 4 1 9 5 5 .4 6 3 7 3 .0 0
M inim um 9 7 .1 2 12 2 .6 0 6 2 .6 6
R ang e 2 0 7 6 .7 2 1 8 3 2 .8 6 3 1 0 .3 4
R eef C rest
Total 23 1 3 4 2 0 .0 3 43% 9 9 8 8 .9 0 4 0 % 3 5 4 7 .3 9 5 5%
M edian 55 1 .3 0 4 5 0 .9 0 1 3 8 .0 6
M ax im u m 16 9 5 .3 2 1 5 5 8 .2 6 3 7 3 .0 0
M inim um 2 0 3 .2 0 2 1 5 .3 0 9 2 .8 6
R ange 14 9 .1 2 1 3 4 2 .9 6 2 8 0 .1 0
D rainage C hannel
Total 16 9 7 1 9 .4 3 31% 7 6 7 1 .2 4 31% 2 3 3 4 .5 8 3 6%
M edian 5 7 8 .2 6 4 8 4 .9 3 1 6 2 .0 0
M ax im u m 2 1 7 3 .8 4 19 5 5 .4 6 2 7 3 .6 0
M in im um 9 7 .1 2 12 2 .6 0 8 0 .2 0
R ange 2 0 7 6 .7 2 1 8 3 2 .8 6 1 9 3 .4 0
R eef F lat
Total 8 7 8 1 4 .4 5 26% 7 1 0 2 .2 3 2 9% 6 0 6 .7 6 9%
M edian 8 4 6 .8 6 7 8 3 .0 0 7 3 .2 0
M ax im u m 181 3 .4 6 1 7 4 0 .2 6 1 6 0 .0 0
M in im um 2 4 7 .3 3 14 8 .5 3 6 2 .6 6
R ang e 1 5 6 6 .1 3 1 5 9 1 .7 3 9 7 .3 0
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Table 10 Summary o f Measured Attributes o f Walled Traps: corridors (m). Summaries 
grouped by all mapped examples and those located along the reef crest, along 
drainage channels and within the reef flat
Corridor
Length
Corridor
W idth
C orridor 
W id th  (m id ­
w ay)
M ed ian  
W a ll W id th  
(Corridor)
M ed ian  W a ll 
H eight 
(C orridor)
A ll T ra p s
M edian 2 6 .0 0 3 3 .5 0 1 8 .0 0 0 .9 0 0 .3 2
M ax im u m 6 1 .0 0 8 2 .0 0 4 6 .0 0 2 .0 0 0 .5 0
M inim um 5 .00 1 3 .00 1 0 .5 0 0 .5 0 0 .1 5
R ange 5 6 .0 0 6 9 .0 0 3 5 .5 0 1 .50 0 .3 5
R e e f C re s t
M ed ian 2 7 .5 0 2 7 .7 5 1 5 .0 0 0 .9 0 0.31
M ax im u m 37 .0 0 6 3 .0 0 4 6 .0 0 2 .0 0 0 .5 0
M in im um 19 .50 15 .50 1 0 .5 0 0 .5 0 0 .1 5
R ang e 17 .50 4 7 5 .0 0 3 5 .5 0 1 .50 0 .3 5
D ra in a g e  C h a n n e l
M edian 17 .25 3 5 .0 0 2 0 .7 5 0 .8 8 0.31
M ax im u m 6 1 .0 0 8 2 .0 0 3 8 .0 0 1 .65 0 .4 2
M inim um 7.50 13 .00 1 1 .5 0 0 .5 5 0 .2 5
R ange 5 3 .50 6 9 .0 0 2 6 .5 0 1 .10 0 .1 7
R e e f F la t
M edian 2 9 .0 0 5 2 .0 0 2 8 .0 0 0 .7 0 0 .3 5
M ax im u m 3 8 .0 0 6 4 .0 0 4 0 .0 0 0 .8 0 0 .4 5
M in im um 5 .00 2 5 .0 0 1 8 .00 0 .6 0 0 .1 5
R ange 3 3 .0 0 3 9 .0 0 2 2 .0 0 0 .2 0 0 .3 0
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shaped corridors are limited by the current tendency to give less attention to this 
component during reconstruction than to enclosures. Often long walls could be mapped 
only by following alignments of scattered reef blocks or badly deteriorated wall 
segments which dissipate with distance from the enclosure. A third factor is that some 
measurements represent only partially complete traps because mapping had to take place 
when the reef flat was exposed and accessible, a time that coincides with wall 
reconstruction. Only nine traps appeared completely rebuilt when mapped and 15 were 
completed through the phase of setting wall alignments and broadening wall 
foundations. Measurements of the remaining 23 traps relied on wall remnants, cemented 
sections and boulder alignments that were sufficient to depict trap size and shape. In 
these cases, wall width and certainly wall height may be underrepresented.
The total reef area bounded by walled traps in 1987 was a considerable 30,953 square 
meters with 6,488 m2 surrounded by enclosures and 24,762 m2 included within the 
triangular form created by the V-shaped corridors. If the median area of all traps is 
multiplied by 118, the number of traps present in 1943, an estimated 76,856 m2 area was 
delimited by trap walls in 1943. The major distinction found among the three major 
groupings is relative enclosure and corridor size. When the median areas of these two 
variables are ranked from high to low, the groupings run in the contrary order. Traps 
along the reef crest tend to have the largest enclosures but the smallest corridors, while 
those along the drainage channels have smaller enclosures but larger corridors. The 
recent configurations within the reef flat take this one step further by having the smallest 
enclosures with the broadest walled corridors. The contrast between the extremes, 
those along the reef crest and those on the reef flat, clearly reflects different approaches 
to dividing confinement and catchment areas. Traps along the reef crest emphasize 
more closely spaced and larger confinement areas that draw from proportionately 
smaller slices of the reef flat. The relative narrowness of their corridors is indicated by 
this grouping having the greatest median corridor length and the least width. The 
broader corridors of traps located within the reef flat are expressed by their greater 
median widths, which, with the more widely spaced enclosures, create the impression of 
a broader and more communal effort to constrict fish movement towards smaller 
enclosures, presumably anticipating smaller catches. Traps along the reef crest may 
represent a narrower, more individually partitioned approach geared towards higher 
yields. Informants stressed, however, that neither enclosure nor corridor size necessarily 
reflects trap productivity and that location along a major or minor channel is the key 
factor in judging potential catch.
Traps located along the drainage channels combine elements of both approaches, which 
probably enhances their distinctive appearance of being more variable or irregular. This 
variability is moderately evident in Tables 8, 9 and 10, where the range of most 
measured attributes is the greatest in this grouping. This includes the total area defined 
by walls, that within the V-shaped corridor, the corridor lengths and widths and 
enclosure width. Contributing more to an irregular appearance are the lengths and 
widths of the right and left enclosure lobes which are the least symmetrical of the three 
groupings.
The enclosure walls of these three groupings vary more in construction and dominant 
material than in width and height. Dominant material always reflects that which is 
immediately available on the surrounding reef, with there being no evidence of rubble 
carried from any distance. Wall construction along the reef crest resembles that
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described by informants, in which a foundation of larger boulders is filled and heaped 
with smaller rubble. The size and type of rubble vary substantially, as is typical of the 
poorly sorted accumulations found within the rubble subzone. The five completely 
reconstructed enclosure walls in this grouping averaged lm wide and 0.4m high. Along 
the drainage channels wall construction depended partially on the degree to which 
segments were cemented by encrusting coralline algae. If cementation was substantial, 
then reconstruction only entailed filling gaps and cavities with smaller-sized rubble.
Walls needing more extensive rebuilding relied on a smaller range of rubble which 
contained higher percentages of branch coral fragments taken from prevalent rubble 
tongues. Wall widths and heights are nearly identical to those of the reef crest, 
averaging 1.1 by 0.4m. Exceptions are those with heavily cemented bases which tend to 
be broader (1 25m). Walls within the reef flat traps were generally no more than two to 
three stacked boulders with some gaps filled with smaller chunks of dead coral. These 
narrower and lower walls averaged 0.75m in height and 0.26m in width. None showed 
any signs of cementation and reconstruction efforts appeared minimal. Typical of the 
surrounding area and reflecting its sustained submersion, this rubble appears more 
rounded and encrusted with some supporting moss-like algae growths.
Tides
The only tidal events given names in the Andra language designate those periods in 
which the walled traps were reconstructed and used. According to informants, the 
period of reconstruction (maut ndrohi) begins immediately after the sun reaches its 
northernmost position and lasts, as already discussed, through four consecutive cycles in 
which tides recede to some of the lowest levels of the year. Within these cycles, the 
lowest tides occur in a series of four consecutive days which mark the beginning of each 
cycle about once every other week. These tides are distinctive because they often leave 
much of the windward reef flat exposed during the middle of the day (approximately 
9am to 3pm), which allows necessary access for rebuilding the trap walls. The period 
during which the walled traps function (maut sahut) immediately follows maut ndrohi 
and ends about two months later when the strong northwest trades begin. Like the 
preceding period, it encompasses four tidal cycles and relies on four consecutive days of 
low water within each cycle. The three major attributes which make these tides 
effective, if not necessary, for trap use are that they start falling in the early morning 
when it is still dark; they recede rapidly enough to send fish from the reef quickly; and 
they fall low enough to drain substantial portions of the reef by mid-morning.
Indirectly reflecting tidal patterns are three terms which depict reef conditions caused by 
tidal fluctuations that occur throughout the year. Each term divides the two-week cycle 
into a series of consecutive days that mark those in which extreme tidal oscillations are 
only beginning {matahun), those in which the extremes are the most pronounced and 
waning {matchachen), and those in which tidal fluctuations are relatively minor and 
water essentially covers the reef throughout the day and night {match). The two-week 
cycles are defined as starting when the more pronounced oscillations initially disrupt 
conditions in which the reef remains essentially covered in water. The reef is called 
matahun and “new” because the reef is becoming newly exposed. The low tides of 
matahun are characterized as receding quickly and earlier than those on succeeding 
days; they do not drop as far as on following days; their duration is relatively short; and 
they are quickly replaced by the returning tide. This initial phase of the low water 
sequence is seen as the most opportune time for many fishing methods. The preceding
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days of low tidal oscillations provide relatively stable conditions which bring higher 
numbers of fish onto the reef flat and, with the commencement of fluctuating tides, fish 
become more active in their movements to and from the reef They are then easier to 
catch, particularly by methods that intercept them along favored routes. The third part 
of the cycle, matchahen, refers to the latter half of the “dry water” sequence when the 
reef dries extensively, the tides remain low for a relatively long time and high water 
returns slowly. Fish tend to avoid these “old” or “no good” reef conditions by staying 
“outside” the reef and are not as likely to congregate. These more extreme oscillations 
eventually diminish and the reef is again covered with water until fluctuations of the next 
low water sequence begin the next cycle. Another generalization regarding tidal 
patterns is an annual one. When the northwest trades dominate (November through 
April) low tides occur at night and tides are low during the day when the southeasterly 
winds predominate (May through October).
Beyond these generalized expectations, informants could not predict far in advance 
exactly when these cycles or periods would begin, their precise length or the magnitude 
of tidal oscillations. However, within several days of certain tidal events, older or 
knowledgeable men do recognize specific signs which allow them to predict, and predict 
accurately, when certain tidal cycles will start and to gauge, at least in relative terms, the 
magnitude of approaching oscillations. The knowledge which allows them to recognize 
and interpret these signs is presumably more complex than the generalizations presented 
above
The fortunate inclusion of Seeadler Harbor, Manus, in the Australian National Tide 
Tables (Dept of Defense 1979, 1984-88) allows a closer examination of these 
generalized patterns and a more precise estimate of the number of days the walled traps 
are potentially productive. These annually published tables list the predicted time and 
height of each high and low water level for every day of the year. The calculated 
predictions are based on records kept at the Lombrum Naval Station pier in Seeadler 
Harbor, which does raise the question of how well these predictions apply to tides at 
Andra. The tide manuals caution that distance from the recording point and differences 
in localized circumstances can influence the degree to which predictions apply to a given 
locale. In this case, estimated times could be slightly delayed because Andra lies 
approximately 40 km west of Lombrum and tidal ranges could differ between a 
relatively deep protected embayment and a shallow reef. However the tables published 
in 1986 and 1987 proved a reliable guide during field work and predictions appeared to 
correlate well with observed times of high and low tide, degree of oscillations and 
duration. It therefore seems safe to assume that general patterns deduced ffom these 
tables do represent those occurring on Andra. Without site specific information, 
however, it is difficult to tie particular events to the predicted water levels without 
relying on some general assumptions. For example, it is difficult to identify, precisely, 
the level at which various portions of the reef flat became exposed or a person could 
stand securely on sections of the reef.
Due to the dominant influence of the sun on equatorial tides, Manus tides are 
predominantly diurnal, having only one high and low tides a day, and tidal ranges are 
relatively small. Semi-diurnal tides, or those with two high and low tides a day, do 
occur but often one oscillation is substantially greater than the other. In 1987, semi­
diurnal tides took place on 122 days or 33% of the days in that year. The tables list the 
astronomical tide levels for Seeadler Harbor as ranging from a high of lm above datum
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to a low of -0.2m. Astronomical tide levels represent the two extremes that can be 
predicted “under average meteorological conditions and under any combination of 
astronomical conditions” (Dept, of Defense 1987:xxiv). Mean sea level is given as 0.5m 
above datum which averages the sea surface over a long period or that “which would 
exist in the absence of tides” (Dept, of Defense 1987:xxiv). Seasonal variation in mean 
sea level is characterized as negligible for Manus. The mean high and low water levels 
(MHHW and MLLW) are 0.8m and 0.2m above datum, a range only of 0.6m.
Information from six years of tide tables (1979, 1984 through 1988) was extracted and 
analyzed to identify generalized tidal patterns. For an overall impression of these 
patterns, oscillations for all six years were plotted using calculations provided in the tide 
tables (Dept, of Defense 1979, 1984-88 introduction). Interpolation is by half-hour 
intervals. Oscillations for three years are presented in Figures 50, 51 and 52, the years 
1979 and 1986 representing the two extremes noted among the six years, and 1987, the 
year field work took place, being typical of the remaining three years. These figures best 
depict attributes such as the rate of a falling tide, the range of fluctuations and duration 
of low tides. The remaining graphs and figures are derived from the tide tables directly, 
either through summary or calculation, and quantify selected attributes within a single 
year and among years. These analyses demonstrate the basic pattern portrayed by 
informants and show minor variations in annual patterns, with one distinct and 
significant exception. The level to which tides fall and therefore the degree to which the 
reef drains can differ substantially from year to year.
The most fundamental attribute is that of the two-week cycle. These cycles can be 
defined from the tide tables as a continuous sequence of days in which the time of 
highest and lowest tide occurs later than the previous day and earlier than the next.
Once this series is complete, tides on the first day of the next cycle shift to times that are 
slightly earlier than those of the first day of the previous cycle and a parallel, but slightly 
earlier, sequence of days begins. This trend within cycles and the progression of cycles 
through the year is illustrated in Figures 53 and 54 which plot the time of the lowest tide 
for each day of every cycle in 1987 and 1986 respectively. Each defined cycle is also 
depicted on the graphs showing the tidal oscillations (Figs 50, 51 and 52). Omitted from 
Figures 53 and 54 but apparent on the oscillation plots are those days when tides do not 
conform or are out of phase with the time sequence of the cycle. When present, these 
days always occur between the cycles and represent a one to four day adjustment 
between cycles. They are often semi-diurnal, with the time of one tide being more 
similar to the preceding cycle, the other resembling the subsequent cycle, and both being 
out of phase with either cycle.
The length of defined cycles over the six-year period ranges from eight to 15 days with a 
median count of 13 days (Table 11). The longest cycles occur near the solstices and 
diminish near the equinoxes. Using 1987 as an example, the mean lapse time between 
low tide times within a cycle is 39 minutes. Intervals during the February, early March, 
August and early September cycles are generally shorter, giving those months a 
compressed appearance in Figures 53 and 54.
The distinction informants made between low tides occurring at night when the 
northwest trades dominate and during the day when winds are from the southeast is 
actually a gradual, counter-clockwise progression throughout the year. The particularly 
extreme tides that take place near the solstices expose the reef in the middle of the night
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in December and early January and at midday in June and early July. Between these 
events, each succeeding cycle eventually brings the low tides back to midday within six 
months and then to midnight in another six months. It is this progression that narrows 
the annual period in which tides fall early in the morning, the major criterion for effective 
use of the walled traps. The annual progression is clear in Figure 55, which plots the 
times of the lowest tide in each cycle for six years and also shows how little this pattern 
varied among the six years. The transition from low tides in the early evenings to the 
late afternoons corresponds roughly to the shift from the northwest to southeast trades 
just as the change from southeast to northwest winds coincides with the transition from 
low morning tides occurring in daylight to dark.
The major difference between definitions drawn from the tables and those of informants 
is defining when the two-week cycles begin and end Based on the tables, cycles are 
defined as an unbroken sequence of days when tides occur sequentially later each day. 
With this approach the cycle begins and ends on days whose tidal oscillations are 
relatively smooth. The greatest differences between high and low tides take place near 
the middle of the cycle (Figs 50, 51, 52). Informant descriptions of reef conditions have 
cycles beginning when tidal extremes commence and become visually apparent.
The duration and relative position of pronounced tidal extremes within the cycles vary 
considerably, making it difficult to calculate the number of days which fall into the three 
categories of “new”, “old” and submerged reef conditions. In Figures 50, 51 and 52 it is 
clear that the duration of tidal extremes relative to the length of the cycle depends on 
how far the tides fall. If tides fall to very low levels, the number of low water days is 
proportionately higher. A crude estimate based solely on visual assessment of plotted 
oscillations suggests that the “new” and “old” conditions could last three to four days 
and the reef would remain essentially submerged for five or six days. During a cycle of 
very extreme tides, these proportions can shift, with the reef submerged for three days 
and the “new” and “old” reef lasting for a combined total of 11 or 12 days. Presumably 
the proportion of “new” to “old” conditions would shift in favor of “old” reefs if tidal 
extremes drained the reef over a longer series of days. In 1986 fishing conditions would 
be considered poor on many more days than in any of the other years.
The variability in tidal extremes among years and their uneven distribution within a year 
are represented in Table 12. Summarized are the number of days in which water levels 
fell to 0. lm (above datum) and below. The level 0. lm was chosen because, for lack of 
more specific data, it is assumed that 0.2m approximates the general height of the reef 
flat. This argument accepts, firstly, that the MLLW height is 0.2m above datum as 
stated in the tide tables (Dept, of Defense 1987:xxiv) and, secondly, that coral reefs 
grow up to the generalized level of low tides because most reef-building corals do not 
survive prolonged or repeated exposure (Barnes and Hughes 1982:160; Hopley 
1982:109, 287). The most dramatic differences among the years examined are those of 
1979 when tides fell to 0.1m or below on 150 days (38%) and 1986 when this occurred 
on 304 days (82%). The impression of how pervasive these differences are throughout 
the year is apparent in the oscillation plots for these years (Figs 50, 51 52). The other 
four years are probably more representative of general conditions, with the number of 
days ranging from 182 to 201 (50 to 55%).
These differences in tidal extremes appear to influence the potential effectiveness of the
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wall traps in any given year2. In the following, two attempts are made to estimate more 
precisely the number of days in which tidal conditions would be prime for trap use. The 
standard for comparison is informant generalizations that the traps are effective for 16 
days or during four days of tidal extremes in each of the four designated cycles. Both 
approaches assume that the tidal level of 0.2m above datum approximates the level of 
the reef flat. The first attempt emphasizes, at face value, informant claims that the four 
appropriate tidal cycles begin after completion of the four cycles which commence after 
the northern solstice. Thus for every year examined, four cycles were counted after the 
June solstice and the fifth was taken to mark the first of the four cycles considered prime 
for trap use. Within these four cycles, prime days were defined as those which formed a 
series of the lowest tides in the cycle, provided that they fell to the 0.0m level or below. 
This height criterion represents informant claims that the reef drained in mid-morning 
during the prime days. If the level of the reef flat approximates the 0.2m water level, 
then tides would have to fall below this to expose the reef and those at 0. lm would still 
give the impression only of a partially drained reef. Most tides in the identified series fell 
to 0.0m or -0. lm except for extreme tides where they dropped as low as -0.2 and -0.3m.
To allow greater flexibility in discussing the possible range of effective days for the 
walled traps, days were identified which could be of secondary importance if they 
essentially shared the basic attributes of the prime days. Shared characteristics include 
depth of tide and comparable high and low water times. Days with high tides occurring 
after 2:30 am or low tides before 6:00 am were eliminated because both indicated water 
levels too high or too low during those morning hours when falling tides should be in the 
process of exposing the reef. An exception is 1979 in which the tides fell to 0.0m only 
twice within the prime cycles. In this case, days within the prime cycles were considered 
as potentially effective if they fell to 0. lm.
The days identified as being of prime and secondary effectiveness are listed by year and 
date in Table 13. The depth of low tide is listed for each selected day, with those of the 
secondary days placed in brackets. Excluding the anomalous 1979, the prime cycles 
began between August 14 and 24 and ended between October 1 and 14 over the five 
year period In terms of numbers of prime days, two years (1984 and 1987) replicate 
the generalized 16 days given by informants and two (1985 and 1988) are close, with 15 
and 17 days. Of these, only the 1984 series encompassed four days in each prime cycle. 
In the two anomalous years, 1979, when tidal oscillations were low, and 1986, when 
they were extreme, suitable days amounted to two and 22 respectively. The estimated 
number of days in which the traps were used constituted between 0.5% and 6% of days 
in the year, with the average being closer to 4%. If secondary days are added, the range 
rises to between 4% and 12%, with the average being 7% of days in the year. Including 
the secondary days of six years extends the potentially effective period from July 2 to 
November 11.
The second approach focuses on the times at which tides were falling, particularly 
informant claims that they fall rapidly and begin to drain the reef early in the morning 
when it is still dark at or about 4:00 am and 5:00 am. Again this approach assumes that 
0.2m above datum equals the general level of the reef flat and that days on which tides
2
The uncommonly low tidal fluctuations in 1979 may explain why Carrier, who conducted field work 
on Ponam in 1979, reported that the walled traps were rarely used (Carrier J. 1981:211). His account 
may have been very different had his research taken place seven years later.
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Table 11 Number o f Days in Each Tidal Cycle for 1979 and 1984 through 1988
1 9 7 9 1 9 8 4 1 9 8 5 1 9 8 6 1 9 8 7 1 9 8 8 M e d ia n
J a n u a r y 14 13 14 13 12 15 1 3 .5 0
12 14 13 15 15 13 1 3 .5 0
F e b r u a r y 14 12 12 12 12 14 1 2 .0 0
7 13 13 14 15 12 1 3 .0 0
M arch 12 9 12 10 8 13 1 1 .0 0
11 13 12 13 13 11 1 2 .5 0
14 12 12 13 11 14 1 2 .5 0
April 12 13 13 14 15 11 1 3 .0 0
14 13 13 12 12 14 1 3 .0 0
M ay 12 14 12 15 15 13 1 3 .5 0
14 14 15 13 13 14 1 4 .0 0
J u n e 12 14 13 15 15 13 1 3 .5 0
14 13 15 12 12 14 1 3 .5 0
Ju ly 12 14 12 15 15 12 1 3 .0 0
14 12 15 12 12 13 1 2 .5 0
A u g u s t 12 14 12 15 15 13 1 3 .5 0
14 14 13 11 12 13 1 3 .0 0
11 12 12 14 14 12 1 2 .0 0
S e p t e m b e r 14 11 13 12 11 12 1 2 .0 0
12 12 13 15 14 12 1 2 .5 0
O c t o b e r 13 12 13 11 11 12 1 2 .0 0
11 11 11 13 12 12 1 1 .5 0
N o v e m b e r 12 13 13 10 11 11 1 1 .5 0
12 13 10 14 12 13 1 2 .5 0
14 14 14 12 12 10 1 3 .0 0
D e c e m b e r 13 13 11 13 14 14 1 3 .0 0
14 13 13 1 3 .0 0
M e d ia n 12 13 13 13 12 13 1 3 .0 0
M a x im u m 14 14 15 15 15 15 1 5 .0 0
M in im u m 7 9 11 10 8 10 9 .5 0
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Table 12 Number and Percentage of Days Tides Fell to and Below 0. lm above Datum 
in 1979 and 1984 through 1988
Depth of 
Low Tide
0.1 0 -0.1 -0.2 -0.3 -0.4 Total No. of 
Days
1979 95 35 130
1984 77 90 15 182
1985 74 85 34 193
1986 46 62 87 61 41 7 304
1987 78 81 35 4 2 1 201
1988 68 92 33 3 3 199
Depth of 
Low Tide
0.1 0 -0.1 -0.2 -0.3 -0.4 P ercen tag e  
of Days in a 
Y ear
1979 26% 10% 36%
1984 21% 24% 5% 50%
1985 20% 23% 9% 54%
1986 13% 17% 24% 17% 11% 2% 82%
1987 21% 22% 10% <1% <1% <1% 55%
1988 19% 25% 9% <1% <1% 54%
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Table 13 Depth o f Low Tides on Hypothesized Prime and Secondary Days for Trap 
Use in 1979 and 1984 through 1988. Selections are based on cycle counts 
from northern solstice and associated criteria. Days o f secondary 
effectiveness are placed in brackets
Day and  
M onth
1979 No.
of
Days
1984 No.
o f
Days
1985 No.
o f
Days
1986 No.
o f
Days
1987 No.
of
Days
1988 No. o f 
Days
2-Jul [-0.10]
3-Jul [-0.20]
4-Jul [-0.30]
5-Jul [-0.30] [4]
6-Jul
7-Jul
8-Jul [0.00] [1]
9-Jul
10-Jul [0.00] [1]
16-Jul [0.00]
17-Jul [-0.10]
18-Jul [-0.20]
19-Jul [-0.301 [4]
20-Jul
21-Jul [0.00]
22-Jul [0.00] [2]
23-Jul
24-Jul
25-Jul [0.001 [1] [0.001
26-Jul [-0.10] [2]
27-Jul [0.00]
28-Jul [0.00] [2]
29-Jul [0.00]
30-Jul [0.001
31-Jul [-0.101
1-Aug [-0.101
2-Aug [-0.201
3-Aug [-0.201 [6]
5-Aug [0.001
6-Aug - [0.00] [-
0.10]
[2] [0.00]
7-Aug [0.00] [0.001
8-Aug [0.00] [3] [-0.101
9-Aug [0.00] [4 ]
12-Aug [0.00]
13-Aug [0.00] R ] 0.00
14-Aug -0.20
15-Aug -0.30
16-Aug -0.30
17-Aug -0.30 5
18-Aug 0.00
19-Aug 0.00
20-Aug 0.00
21-Aug 0.00 4
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Table 13 (continued)
D ay and  
M onth
1979 No.
o f
Days
1984 No.
o f
Days
1985 No.
of
Days
1986 No.
of
Days
1987 No.
o f
Days
1988 N o. o f 
Days
22-Aug 0.00 0.00
23-Aug 0.00 -0.10
24-Aug 0.00 0.00 -0.10
25-Aug 0.00 4 -0.10 -0.10 4
26-Aug -0.10
27-Aug -0.10 4
28-Aug -0.10
29-Aug -0.10
30-Aug -0.20
31-Aug -0.20
1-Sep [0.11 -0.10 5
2-S ep [0.1] [2] 0.00
3-Sep 0.00 0.00 -0.10 0.00
4 -S ep 0.00 2 0.00 -0.10 0.00
5-Sep 0.00 -0.10 4 0.00
6 -S ep 0.00 4 0.00
7-Sep 0.00 5
10-Sep 0.00
11-Sep 0.00 -0.20
12 -S ep 0.00 3 -0.30
13-Sep [0.1] -0.30
14 -S ep [0.1] -0.30
15-Sep [0.1] -0.20 5 0.00
16 -S ep [0.1] [4] 0.00
17-S ep 0.00 3
19-Sep 0.00 0.00
20-S ep 0.00 0.00
21-S ep 0.00 0.00 0.00
22-S ep 0.00 4 -0.10 0.00 4
23-S ep -0.10
24-S ep 0.00
25-S ep 0.00 5 -0.10
26-S ep -0.10
27-S ep -0.10
28-S ep -0.10
29-S ep [0.1] -0.10 0.00
30-Sep [0.1] -0.10 0.00
1-O ct [0.1] 0.00 0.00 7 -0.10 0.00
2 -O ct [0.1] [4] 0.00 -0.10 0.00
3-O ct 0.00 0.00 5 0.00
4 -O ct 0.00 4 0.00 4
8 -O ct 0.00
9 -O ct 0.00 2
10-O ct
11-O ct [0.1]
12 -O ct [0.1] [-0.20]
13 -O ct [0.1] [-0.20] [0.00]
14-O ct [0.1] [4] [0.00] [3] [0.00] [2]
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Table 13 (continued)
D ay and  
M onth
1979 No.
o f
Days
1984 No.
o f
Days
1985 No.
o f
Days
1986 No.
o f
Days
1987 No.
o f
Days
1988 No. o f 
Days
17-Oct [0.00]
18-Oct [0.00] [0.00]
19-Oct [0.00] [3] [0.00]
20-Oct [-0.10] [0.00] 13]
21-Oct
22-Oct [0.00] [3]
27-Oct [-0.101
28-Oct [-0.10]
29-Oct [0.00] [3]
30-Oct [0.001 [0.00] [1]
31-Oct [0.001 I2] [0.00] m
6-Nov [0.001 m
10-Nov [-0.10]
11-Nov [0.001 [2]
16-Nov [0.001 [1]
Total No. Prime 
Days
2 16 14 22 16 17
Total No. 
Secondary 
Days
14 10 8 22 6 11
M axim um  No. 
o f Days
16 26 22 44 22 28
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reach this level between 3:30 am and 6:30 am are suitable. Days were also considered 
suitable if the tide fell to 0.3m between 3:30 am and 6:00 am and to 0.1m between 4:00 
am and 6:30 am. This allows the visual impression of the reef flat draining to be applied 
to those portions of the reef which could be slightly higher or lower than those at the 
0.2m water level. A 0.3m range conforms well with the 0.4m median height of the trap 
walls and a profile of the reef through one of the mapped traps (GMJ-K), which showed 
a maximum range of 0.35m in elevation over the 100m length. Tides had to drop to 
0.0m or below to be considered and the high and low tides of the day could not occur 
after 2:30 am or before 6:00 am respectively. The results are listed in Table 14 by day 
and year, as are the times at which predicted tides reached the selected levels.
This approach proved more conservative than the first but the two correspond relatively 
well. All but two days identified by the second method are included as prime days by 
the first. In comparing the totals generated, the second approach produced slightly 
lower numbers of prime days (0 to 2; 13 to 16; 14 to 15; 22 to 39; 13 to 16; 16 to 17) 
than the first approach. The second did not replicate the informants’ generalized ideal as 
closely as the first. Only six of all cycles in all years produced series of four days within 
a single cycle. Despite some difficulty in identifying which cycle began the prime period, 
the most likely ones tended to be later than those identified by counting from the June 
solstice. Of the six years examined, four periods began on September 1, 2, 3 and 20.
The second approach definitely demonstrates, however, that the annual time-span in 
which appropriate early morning tides occur is truly narrow.
Although these predictions are not absolute, they are sufficient to suggest that, in terms 
of potentially productive days, traps are likely to rank as a relatively insignificant fishing 
method. Even if some traps were productive beyond the expected days or cycles 
because of localized ponding, these days would not sufficiently affect the apparently 
minor contribution made by the traps in a single year. Other factors also narrow the 
period of trap use to the designated months. Severe waves and currents brought by the 
northwest tradewinds physically disrupt many trap walls, making their use impractical 
from November through May. Their reconstruction does not become possible until late 
May or early June when low water levels during the day again allow access to the reef. 
At this point, opportunities to rebuild the traps are further restricted by the limited 
duration of low tides.
Ownership
Most lineages on Andra were said to own two to four adjoining walled traps, with 
ownership between sets being divided where the walls of neighboring V-shaped 
corridors met. Some lineages were said to have none, while others had as many as six. 
As was the case on Baluan, attempts to understand ownership patterns beyond these 
generalizations were obscured by the informants’ caution to avoid potential disputes. 
While informants freely and consistently depicted generalized patterns, they were 
reluctant to identify the owner of specific traps, particularly those not being actively 
reconstructed or visible only on the aerial photographs. They hesitated in saying the 
proper names of traps because this knowledge is viewed as a prerogative and a 
verification of ownership. Most traps or sets of traps appeared not to have proper 
names but are, instead, called by that of the lineage head from whom the current
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claimant inherited the traps or by the place name that designates that particular stretch of 
reef.
As throughout Manus, traps were inherited predominantly through patrilineal lines 
although some were obtained through maternal lines or adoption. Pronounced 
decreases in the population, probably due to epidemics, left many lineages with few or 
no patrilineal heirs which increased instances in which traps passed through non- 
patrilineal lines. This, coupled with increased marriages outside the territorial divisions, 
led to circumstances in which various members of a single household could have access 
to several dispersed sets of traps, including those located in different territorial divisions 
or on the eastern half (Cholio) of the Ponam reef flat (Fig. 56). When combined, it was 
possible for use rights within a single household to include those inherited by the male 
head of the lineage, those received by his wife as sole or senior heir to her lineage and 
those which came through the patrilineal lines of a sister’s children who had taken up 
residence with their mother’s lineage. These multiple options increased opportunities 
for disputes as well as making the reconstruction of past patterns tenuous.
The walled traps are one of the five fishing methods in which exclusive rights are given a 
geographic locale other than that ascribed to the two major territories (Chapter 7). 
Ownership is demonstrated annually through faithful reconstruction of the trap walls and 
gives owners exclusive rights to fish caught in that trap, particularly during the prime 
tidal cycles. It also gives them priority access to other resources, such as edible marine 
shells found within the bounded area, but they cannot exclude non-lineage use of that 
area for other fishing methods, especially when the tides are high or during the season of 
northwest trade's when most traps lose their form. Priority access has become more 
pronounced and contentious because of the link between trap ownership and collecting 
trochus shell (Trochus sp.)3. Trochus tends to be more abundant on the windward half 
of the reef flat, particularly in those areas dominated by rubble or encrusted reef 
surfaces, such as those underlying the walled traps. To take advantage of this uneven 
distribution, lineages with walled traps have the prerogative of starting from the area 
bounded by their traps before spreading out across the reef flat. As cash becomes more 
important and trap reconstruction decreases, disputes are increasing over who has 
priority in advantageous areas. This impetus has led some to reconstruct traps more for 
this privilege than for fish. Others have built what are called gianicm (false) traps 
because their configuration and position follow no precedents.
The distribution of a catch, another prerogative of ownership, is essentially informal. 
Most fish are consumed by households directly, given away to maintain routine 
exchange and kinship ties, or traded at the mainland market. Even with substantial 
catches, fish are not formally counted and placed in discrete piles, as was the case with 
those methods requiring coordinated labor and equipment (Chapter 7). Non-lineage 
participants who contributed labor or lent a canoe are compensated, but not at a single 
sitting before witnesses. Once when a large, unexpected, catch was collected from a 
trap, the fish caught seemed to spread throughout the island and the general excitement
3
The procedure for gathering trocus may date to the second half of the 1800's when foreign traders 
began buying trocus in Manus (King 1978). A trader, ready to purchase shells, deals with one 
designated leader from each of the territorial divisions on Andra. The leader, in consultation with other 
clans, marks a single day in which everyone goes onto the reef to collect trocus and, at the end of the 
day, the leader pays the individuals or households for the quantity of shell collect.
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of the catch was freely expressed as recipients described kinship or exchange ties that 
brought them a share of the catch.
Origin and Expansion of the Walled Trap
The Andra account of the origin and development of the walled fish traps is told as 
consistently as that for the walled enclosures on Baluan, but without mythological 
elements. Instead, they said that this fishing method originated on Andra and 
subsequently spread to other Manus reef flats. A man from the eastern half of Andra 
repeatedly saw numerous fish leaving the reef through one of the drainage channels that 
empties into the major breach in the northern reef edge. Thinking it wasteful for so 
many fish to come and go freely, he heaped rubble from the reef to block their route and 
caught many him, a small fish that travels in schools. This became what is still identified 
as the oldest trap on the reef (Fig. 49, Site GMI-F). When a friend then asked the 
“inventor” to construct him a trap at the major drainage channel at the westernmost tip 
of the reef where many fish also left the reef, the second oldest trap was constructed 
(Fig. 48a, Site GMA-C). Once everyone saw how successful these traps were, the idea 
was adopted and spread first along the Andra reef and then to other reefs along the 
north coast.
The degree to which this story reflects the invention of a fishing method and its 
subsequent development can only be explored. Stories of one lineage or group 
inventing or discovering specific methods, equipment, magic rituals or design motifs are 
common not only on Baluan and Andra but apparently throughout Manus (Schwartz 
1963). In most cases they reinforce claims of proprietary rights to use or control an 
invention or at least establish potential privilege should an appropriate occasion arise. 
Separating this function from the reality of invention is probably impossible, but some 
parallel examples support the idea that fishing methods are independently devised in an 
area and later adopted by other groups. For example, the net method (kapet) used to 
catch turtles was devised on Ponam and rights to this method were given to two lineages 
on Andra (Chapter 7). Suggesting the reality of this transfer, were the identical 
descriptions of this method on Andra and Ponam (Carrier 1982:914) and the consistency 
with which individuals on Andra and on Ahus attributed the net’s origin to Ponam. 
Whether other groups acknowledge an Andra origin for the walled traps was not 
independently determined, although several people from Ponam and Ahus did concur 
with the story in the presence of Andra residents.
If the story of the invention of the walled traps is true, then their development could 
have occurred relatively recently, particularly when compared to the Baluan garden 
enclosures. In the case of Baluan, antiquity is suggested, in part, by mythical links to 
small people who have no identifiable ties to extant lineages. In the Andra case, the 
individual to whom the invention is attributed can be named and ties made to extant 
lineages, although the two cannot be placed in a firm genealogical framework and 
generations counted. If James Carrier’s (1981:207) estimates of genealogical depth on 
Ponam, approximately four to six generations, apply to Andra, then this event would 
probably have occurred as recently as the mid 1800’s. This minimum estimate places it 
within the period of contact with foreign traders and introduces a possibility that the 
traps are not an indigenous innovation or remote introduction. Based on circumstantial 
evidence, it is possible that the concept was introduced to Manus by Micronesians 
recruited as crew on trading ships that made periodic, although brief, visits to the
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Admiralty Islands during the second half of the 1800’s. Crewmen from Yap, an area in 
which walled traps of various forms are common (Hunter-Anderson 1981), were on the 
ships when Mikloucho-Maclay (1873-1881) made his two visits to Andra. The 
accounts, however, suggest that interactions between the Yapese and the Manus were 
probably dominated by suspicion instead of those that would foster an exchange of 
fishing methods. Andra informants, however, never hesitated in describing the walled 
traps as a long-standing fishing method, nor did they hint that they could have been 
introduced, as some did in discussing other methods such as fish drives, harpoons and 
droplines.
Arguments for independent innovation, regardless of antiquity, are probably stronger.
The basic form and function of trap components are so reminiscent of other fishing 
methods that, conceptually, they are very consistent with the array of the long-standing 
methods (Chapter 7). Most net methods and basket construction incorporate a V- 
shaped formation that progressively constricts and directs fish movement towards some 
form of confinement. Most barrier nets, the large and small frame nets and the leaf 
sweep are positioned to form a V. The entries into the cylindrical basket traps are V- 
shaped and the hand-held women’s basket is conical. Even the attention paid to tides 
and their influence on fish movement is not unique to the walled traps. Nothing about 
the walled traps is incongruous or requires an external or a dramatically different source 
to explain their derivation.
The initial construction sequence established in the origin story is supported by physical 
evidence in that the enclosure walls of the first and second traps are cemented solid by 
coralline algae and have become essentially permanent features of the reef flat. 
Cementation of these two traps is considerably greater than that of all other traps in that 
their foundations and basic shape have become fixed. This is particularly true of the 
reputedly oldest trap in which the enclosure wall is nearly solid to an average width of 
2m. This does not preclude the possibility that older traps could have been destroyed, 
particularly if they lay along the reef crest. Cementation probably reflects the combined 
factors of age, the relative susceptibility of an area to wave damage and possibly 
increased algal growth in ponded areas. It is safe to state, however, that these two traps 
represent the longest continuous record of trap form and position on the reef and that 
any attributes particular to them could reflect an earlier development phase.
Of the 47 traps mapped, 21 show some degree of coralline cementation and notes were 
taken on the position and extent of this cementation in hopes of ranking their relative 
age. The inconclusive results emphasize the difficulty in separating factors of age from 
those of location. Most traps with higher degrees of cementation are in less exposed 
areas and, as discussed earlier, the traps remaining in 1987 probably represent a bias 
towards areas less susceptible to recurrent wave damage. A very general 
correspondence between cementation and age is indicated by its presence in 16 of the 23 
extant traps which are also visible on the 1943 aerials. Only in three instances is 
cementation apparent on traps not on the aerials and, in two cases, this absence could 
reflect the quality of the photographs. Beyond this generalization, the traps could be 
divided into only two broadly defined groups. In the first grouping, with 10 examples 
(Figs 48a, 48b, Sites GMA-A, B; GMH-A, D, G; GMJ-F, G, H, J, K), major portions of 
wall foundations and the basic configuration of the enclosure are represented by 
cemented rubble. Half of these sites lie beside or near the oldest traps and along the two 
major passages, while the other five are immediately north of Papienbrus Island, an area
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informants claim is relatively less exposed than those to the east and west. In the second 
group, with nine examples (Figs 48a, 48b, Sites GMD-F; GMG-E; GMH-B, D; GMI-H; 
GMJ-B, I L, M, N), only scattered, unevenly distributed segments of enclosure walls are 
bound by coralline algae. These examples are either intermixed with those of the first 
grouping (four traps) or lie along the rubble subzone fronting the reef crest (five traps).
If cementation does indicate greater age, then it raises the probability that walled traps 
initially developed along drainage channels, which are considered the most favorable reef 
positions.
The use of other criteria to trace relative age and potential development sequences is 
hampered by the dynamic nature of the attributes involved. Despite the social emphasis 
on creating and maintaining trap forms, annual disruption creates opportunities to alter 
the shape, size or number of traps within an area. This was illustrated earlier in noting 
changes that have occurred since 1943. Of the attempts made to identify potentially 
useful patterns, only two proved feasible. The first approach grouped individual traps as 
a set if they appeared to share a common catchment area. In these instances, traps were 
grouped if longer corridor walls appeared to bracket two or more traps whose 
intervening corridor walls were noticeably shorter. In questionable sets, traps were 
grouped if they showed some similarity in form or orientation and were not grouped if 
they were not sufficiently similar. In Figure 57, defined sets from one portion of the 
Andra reef are extracted and depicted by the number of traps in a set. The second 
approach identifies corridor walls that appear to pre-date or post-date adjoining walls 
and thus imply construction sequences. A wall is assumed to post-date a neighboring 
wall if it intersects that wall instead of joining at the mutual end of both walls and if it 
intersects at an angle that implies discontinuity. As shown in the examples (Fig. 58), 
traps are depicted in three categories: those that precede at least one of the neighboring 
traps; those post-dating a neighboring trap, and those that pre-date a trap on one side 
while post-dating one on the other A weakness in both approaches is their reliance on 
attributes of corridor walls which are not always as clear as the enclosures on the aerial 
photographs and, at least recently, have not been as carefully rebuilt or maintained as the 
enclosure walls.
Both approaches initially examined a total of 221 traps mapped from the 1943 
photographs, 118 on the Andra reef and 103 on the eastern portion of the Ponam reef, 
called Cholio, which was under Andra jurisdiction in 1943. The first approach was more 
successful and less ambiguous than the second, with 168 of the 221 visible traps having 
sufficient detail to be categorized as individual traps or as a part of a set. This approach 
was then applied to the 174 traps visible on the western half of the Ponam reef in 1943, 
76 on Ahus in 1943 and 47 mapped on Andra in 1987 (Table 15). The traps identified 
as forming sets based on shared catchments areas appear to correspond well with the 
generalized ownership patterns depicted by informants who said that many lineages 
owned two to four traps. Of the 90 and 78 set of traps categorized for the Andra and 
Cholio reefs respectively, 66% and 63% fall within this range. The percentage of traps 
in these sets is comparable to that found on Ponam (the western half) and those mapped 
on Andra in 1987, with there being no more than a 13 percentage point spread among 
these mapped examples (Table 15). Those on Ahus have slightly higher incidences of 
individual traps and fewer sets of two traps. Only two instances were found in which set 
size exceeded four traps. Of the 18 sets which occur in the 1943 and 1987 Andra 
censuses, 13 fall into the same grouping and five have changed. Most that remain 
unchanged are designated as single traps, while those that differ are regrouped or
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Fig. 57 Walled Traps Grouped by Shared Catchment Area: examples located on the eastern half of 
Andra reef and mapped from the 1943 aerial photographs
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1 Predates at least one adjoining trap or set
2 Postdates at least one adjoining trap or set
3 Predates trap on one side while postdating trap on the other
Fig. 58 Evidence of Construction Sequences in Sets of Walled Traps: examples located on the 
eastern half of the Andra reef and mapped from the 1943 aerial photographs
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consolidated with individual traps or neighboring sets. This relative consistency among 
the islands strengthens the probability that the groupings are a significant pattern and, 
based on informant generalizations, that individual ownership tended to be marked by 
delineating a common catchment area for distinct sets of traps. If these defined sets and 
lineage ownership do correlate and only sets of two to four traps are counted, then a 
minimum of 25 lineages is represented on the Andra reef in 1943. This number would 
increase if individual traps were included, even if some were held jointly with defined 
sets.
The distribution of sets containing the same number of traps is scattered and does not 
demonstrate a tendency for sets of one type to dominate a particular stretch of the reef. 
There is no evidence for core or peripheral areas that could be traced through the 
uneven distribution of set types. This scattered pattern is apparent in Figure 58 which is 
essentially representative of the other reef segments analyzed. An exception is traps 
located along the two major drainage channels in which individual instead of grouped 
traps predominate. This probably reflects their being constructed to take advantage of 
localized drainage patterns.
In the second approach, that which defined traps or sets of traps as developing before or 
after adjoining traps, only 39 instances on the Andra reef implied a relative construction 
sequence. Their distribution was also scattered, as illustrated in Figure 57, and suggests 
no development trends from one area to another. If these designations do represent true 
sequences, then development could be characterized as one in which traps or sets of 
traps were established independently and subsequent traps adjusted to the intervening 
space to eventually form a nearly continuous barrier along the reef edge. Discontinuities 
may have resulted from subtle variations in drainage instead of construction sequences.
Despite some uncertainty in the evidence, a development sequence and some trends can 
be proposed. Traps probably developed first along the major passages where fish were 
known to leave the reef and localized ponding conditions extended the effectiveness of 
the traps within or beyond the prime tidal days. Orientation and size of catchment and 
confinement areas of the initial traps vary considerably, probably because they were 
designed to make the most of localized and complex drainage patterns From these 
favored positions the traps spread as scattered individual traps or sets to minor drainage 
channels or in less exposed areas along the reef crest. This process continued until traps 
eventually formed nearly continuous complexes. As the traps spread across the more 
uniform reef crest, orientation and trap proportions also became more uniform. In 
dividing the reef crest, emphasis was placed on proportionately larger confinement areas 
and more narrowly defined catchment areas. The uniformity of these repetitive forms 
allowed individual ownership to be expressed more clearly, particularly through the 
marking of shared catchment areas. If these trap forms reflect initial construction, then 
this transition represents a trend towards a more densely and deliberately divided reef in 
which ownership was distinctly marked. Retaining the original assumption that more 
productive areas developed earlier, traps within the reef flat would probably have 
developed later or concurrently with those along the reef edge. Their relatively low 
productivity is suggested by their low numbers and the fact that little attention was paid 
to them during reconstruction and in informant depictions of trap use. Their broader 
corridors and smaller enclosures may also represent expectations of lower fish densities 
and lower catches.
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Concluding Remarks
The operation of the walled fish traps makes the most of two environmental factors 
which overshadow the technological and labor requirements of their construction and 
use. Firstly, the predominantly diurnal tides and tidal cycles provide opportune timing 
for potentially large catches and, secondly, the elevation of the reef flat and reef 
topography allow these opportune tides to extensively and rapidly drain the reef flat. 
Although expansive as complexes, the heaped rubble walls are not technologically 
complex or elaborate and require relatively little labor or time to reconstruct annually. 
Algal cementation of the wall foundations, when present, provides some measure of 
permanence in wall foundation but in most cases the only stable aspect is the conceptual 
duplication of trap size and shape. The time needed to reconstruct the walled traps is 
proportionately high compared with the number of days they are used but not high if 
compared with the yields that can occur if schools are caught.
While these factors explain the effectiveness of the traps, this opportunity alone does not 
explain the development of such extensive complexes, complexes whose coverage, 
approximately 76,000m2, contrasts sharply with a limited use period which averages 
about 4% of the days in a year. The traps probably became established first along prime 
drainage channels where fish were known to leave the reef in numbers, and later became 
established as scattered traps or sets of traps which eventually merged into nearly 
continuous barriers. After this expansion phase, there is no evidence that the traps were 
structurally altered to increase their production capacities. Despite the creation of these 
barriers and their communal benefits, individual lineages retained control over every 
aspect of the fishing method, including the ownership of relatively few traps in discrete 
sets. Individual ownership was reinforced annually during reconstruction of wall 
alignments and was expressed structurally by delineation of shared catchment in owned 
sets. Catch was primarily retrieved by the household and dedicated to household 
consumption or the routine trade and exchange needs of the household.
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C h a p t e r  7
F is h in g  M e t h o d s  a n d  E n v ir o n m e n t s
The walled traps are only one of 28 fishing methods recognized by the people of Andra 
and they lie in only one of five morphological reef zones used by at least one o f the 28 
methods. The operation of the walled traps being mostly confined to a narrow band 
along the reef flat and to a limited time period, suggests that their exceptional 
development could complement or supplement the limitations of the other fishing 
methods. To understand the potential contribution of walled traps to increasing 
production, the combined effects of all fishing methods on their shared resource, that of 
fish, must be considered. This chapter seeks to provide the basis for such an 
assessment, firstly, by defining the marine environments that could favor or limit 
intensified production in all or any one of the 28 fishing methods and, secondly, by 
describing the equipment, procedures and strategies used that comprise the other 27 
fishing methods.
The chapter begins by describing the morphological zones of the Andra reef and the off- 
reef environments fished by all 28 named methods, including examples of changes 
occurring in this environment which directly influence the relative productivity o f these 
fishing methods or the frequency of their use. The 27 fishing methods are then 
described, emphasizing the equipment types employed, the labor needed to follow 
routine procedures and the strategies that rely on knowledge and judgment to increase 
the probability o f high yields. The significance of environmental factors is then 
examined, firstly, to determine how closely the geographic distribution of named 
methods correlates with the defined fishing environments and, secondly, the seasonal or 
tidal factors that influence their effectiveness or limit their use. The social advantages 
and constraints are then considered and include ownership prerogatives, labor 
requirements for particular methods, gender divisions and beliefs. The chapter ends by 
examining the contribution of the walled traps to production within the context o f those 
methods with which they are most similar and by contrasting them with those with 
which they differ significantly.
Fishing Environments
The major fishing environments of Andra people can be divided into four roughly 
parallel bands: the deep ocean waters lying north of the barrier reef segments on which 
the inhabited sand cays lie; the slopes and flats of the barrier reef; a quasi-lagoon 
formation separating the barrier reef from the Manus mainland; and a fringing reef which 
bounds the mainland (Figs 4 and 59)1. Deep-sea fishing north of the barrier reef 
generally did not extend beyond sight of land or until only the point of the highest 
mountain on Manus could be seen as a speck on the horizon. These deep or “blue” 
waters, defined as those where the ocean floor cannot be seen, were called ndras 
arawan when near the reef and ndras mahun when farther away. The quasi-lagoon to 
the south of the barrier reef and approximately two kilometers wide has features 
associated with more conventional or enclosed lagoons as well as those of deeper water.
1 In these discussions, the four bands w ill be called environments in a general sense, while the barrier 
reef segments will be divided into five major zones. Within three of these zones, an additional 11 
distinctions will be called subzones, while variations in reef topography or biological composition will 
be called reef types when they occur within these zones or subzones.
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Typical of lagoons, this stretch contains a number of scattered submerged patch reefs 
(mocho) and relatively calm waters where protected from rough seas and strong 
currents generated by prevailing winds. The depths of these waters, however, resemble 
those of the open ocean, with the term ndras also being applied to much of the lagoon. 
Many areas reach depths of 30 to 33m and, along with the gaps between the Andra and 
Ponam barrier reefs, that can be anchorage for deep-draft vessels. Breaches between 
the barrier reef segments allow distinct currents and swells to develop within the quasi­
lagoon, particularly when the northwesterly winds are strong. The fringing reef fronting 
the main Manus Island is relatively narrow, with most segments varying from 150 to 
350m in width. In general morphology it resembles the leeward reef flat, margin and 
slope of the barrier reef: live coral colonies line the irregular outer reef margins and the 
reef flats are covered with sand deposits, sediments and patches of corals that grow in 
calmer, shallow waters. In terms of fishing, however, the most coveted areas are those 
where sand accumulates near river mouths and where mullet and the young of some taxa 
form large schools. The adjoining mangrove swamp communities also provide edible 
bivalves and shells used as scrapers in preparing food or materials for fishing nets and 
baskets.
Clearly the most diverse and intensively used of these environmental bands is the barrier 
reef segment. Based on reef morphology, the reef can be divided into five major zones 
and, within three of these zones, an additional 11 distinctions can be defined (Fig. 59; 
Appendix D). The definition and delineation of these zones and subzones is based on 
field observations, patterns apparent on aerial photographs, characteristics emphasized 
by informants as they discussed fishing and general references to coral reef morphology 
(Barnes and Hughes 1982:160-165; Hopley 1978:30-35; 1982:109-123,206-209, 287- 
293, 299-316; Mather and Bennett 1984:7-9, 13, 14; Milliman 1976:21-36; Orme 
1976:132-145; Stoddard 1978:70-84; Weins 1962:45; 47-74). These definitions do not 
directly incorporate the biological components of the reef, such as the diversity and 
relative abundance of coral species or reef-dwelling organisms. Instead, this study 
assumes, as other have argued (e g. Hopley 1982:286, 287), that zonation based on 
biological composition correlates relatively closely with that of morphological zonation, 
particularly if reef zonation is pronounced, which it is in this case. Thus, unless 
evidence from informants is available, generalizations about the relative biological 
productivity of the different reef zones is based on analogy with comparable reefs 
described elsewhere.
The clear morphological zonation displayed by the Andra reef typifies mature reefs with 
pronounced high energy or strong hydrodynamic gradient from the windward to leeward 
reef exposure (Hopley 1982:286, 287). In this case, the dominant variables that affect 
reef morphology and influence fishing methods are: the degree of direct wave action 
and turbulence; relative distance from dissipating energy generated by wave action or 
ocean currents; the degree to which the reef drains; and the velocity with which tidal 
drainage takes place. Windward zones and subzones form more clearly defined bands 
which closely parallel the windward reef edge while, towards the leeward side of the 
reef, differences become less pronounced, gradual or irregular (Hopley 1982: 293, 305; 
Stoddard 1978:74; Barnes and Hughes 1982:162).
Of the five major reef zones, the two most directly influenced by the strength of the 
windward exposure are the upper portions of the windward reef slope and the windward
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reef crest. Stretching the entire northern length of the Andra reef, the windward reef 
slope includes three formations that occur at successive depths below the low-tide level. 
The uppermost in elevation is a well-defined spur and groove subzone which develops 
under the continuous force of dominant wave action and refraction. Similar formations 
elsewhere are approximately four meters deep (Goldman and Talbot 1976:134). 
Interrupting the downward slope of the alternating spurs and troughs is a lower terrace 
which is also marked by a distinct but more widely-spaced gutter pattern. This terrace 
eventually, and probably steeply, descends to the ocean floor. The third formation, an 
apparent reef shelf, extends from the eastern and western ends of the reef front terrace 
and probably merges with a comparable formation off the leeward reef slope. Similar 
formations to this terrace and reef shelf were charted as being between five and 16 
meters deep around barrier reef segments to the east (U S. Army Corps of Engineers 
1952). The windward reef crest forms the northern margin of the reef and is the most 
elevated section of the reef. This crest is not only pounded or washed by breaking 
waves, but it drains first as the tides fall and remains exposed longer. Three narrow, 
parallel bands encompass the reef crest. The outermost band, the algal pavement, is a 
nearly flat and smooth stretch of reef surface cemented by crustose coralline algae and 
swept clean by wave action2. To the south of this pavement accumulations of coral and 
reef debris from the reef front are repeatedly deposited by strong waves and create a 
fairly distinct rubble subzone. Along the southern edge of this rubble subzone is a 
discontinuous moated subzone in which receding waters are retained and ponded when 
much of the surrounding reef has drained.
The next major zone, the reef flat or surface of the reef platform, gently slopes from the 
windward reef crest to the leeward margin. The northern or windward third to two- 
thirds of this flat is dominated by alternating linear patterns composed of aligned coral 
colonies, deposits of slowly migrating debris and encrusted reef surfaces that are thinly 
covered by sand or support small colonies of coral heads (microatolls). Most of this 
area, labeled the aligned coral subzone, is partially or completely exposed during low 
tides. The leeward portion of the Andra reef flat encompasses three major formations: 
the sanded reef flat; sea grass communities; and sand cays. The sanded reef flat, 
covering the greatest area, is predominantly blanketed by deposits of sand and small 
gravel, which are sometimes stabilized by sparse sea grass communities or algal mats 
and are interrupted by emergent outcrops of coral. Most sanded areas and the 
interspersed features remain submerged even during the lowest tides, the only 
exceptions being the crests of mounded sand deposits and the more elevated coral 
communities. The often dense sea grass communities form a band near the main sand 
cay, which remains submerged except for portions rising in elevation to meet the 
shoreline. The formations called blue holes {loin) which are present on the leeward half 
of the Cholio reef essentially resemble miniature deep lagoons within the reef flat (Fig. 
56).
For informants, the term lomal collectively referred to the aligned coral subzone, the 
sanded reef flat, sea grass communities and any reef types within these subzones. A 
number of designations, other than those naming specific taxa of coral, distinguish 
various reef types within lomat. These terms were most frequently repeated when
2
Instead of a term in the Andra language, a place name. Parikoko, was applied to this pavement said to 
stretch between the easternmost and westernmost points of the reef. A parallel place name. Maranchau, 
designates the entire southern margin of the reef.
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fishing methods and fish behavior were discussed. The term lolomat most closely 
describes the aligned coral subzone in that it is said to lie below the “legs” of the walled 
traps, to be dominated by “stone” (solid rubble or coral formations) and to dry during 
the lower tides. Lonpapi refers to substantial areas covered almost exclusively in sand, 
which remain submerged during most low tides. Other terms apply to particular 
features that occur either in the windward or leeward sides of the reef flat. For example, 
ndralat refers to areas covered by dense colonies of small branch coral that have 
become firmly cemented to the reef surface; mondron or ngondron are patches of solid 
reef surface with no live coral; chokou designates tongues or large deposits of rubble 
that have become cemented by coralline algae; and koret is a general term for sea grass 
communities.
The fourth and fifth of the major reef zones, the leeward reef margin and the leeward 
reef slope, are considerably more sheltered because wind- and tide-generated currents 
diminish across the reef flat. The leeward reef margin consists of an irregular series of 
substantial rounded coral patches interrupted by sand chutes. Most coral patches are 
rimmed with dense and diverse colonies of live corals and the delta-shaped sand chutes 
mark the major drainage channels through which the reef drains. All remain submerged 
except for the upper surface of the coral patches, which can become exposed during 
extremely low tides. The term lonpai refers to predominantly sand-covered areas found 
at greater depths along the margin. The leeward reef slope descends gradually from this 
margin and merges with a deeply submerged reef shelf. Prograding sand sheets cover 
this slope and shelf, except where broken by isolated patch reefs or knolls. These patch 
reefs (mocho) rarely approach sea level and support diverse live coral colonies. Based 
on depths charted on reefs to the east, the patch reefs are approximately four to six 
meters below sea level, while the reef slope and shelf lie at depths of nine to 16 meters. 
Sandy areas located off the leeward edge of the reef, “down below” where it is “dark”, 
are called chechen.
Changes in Reef Flat Sediments, Ponding and Coral Growth
Based on informant testimony and aerial photographs, the Andra reef flat has clearly 
undergone a series of changes over the last 60 years, all of which have influenced the 
productivity of the different fishing methods and the frequency with which they are 
used. These observations support statements made in the coral reef literature that reef 
flat environments, including their morphological and biological components, can be 
relatively unstable (Hopley 1982:287; Orme 1976:132, 140,141). Even minor changes 
can affect localized drainage, current patterns and dominant water levels, while periodic 
increases or shifts in sediments can alter the character of the reef surface. Recurrent and 
annual variations in tidal levels also affect the reef flat. As shown in Chapter 6, the level 
reached by low tides and the number of days on which the reef is exposed can differ 
substantially between years3. Informants attribute most changes within the reef flat to 
natural causes and, in particular, emphasize the effect these changes had on the growth 
and health of coral colonies. Some changes occurred gradually, while others were more
3 As speculation, the tides occurring in two years. 1979 and 1986, could have had very different effects 
on the reef. In 1986, coral death rates could have been higher because of the greater frequency and 
duration of low tides, and the more rapidly receding tides could have redistributed sediments and 
accelerated their movements. Conversely, coral growth would probably be enhanced during years such 
as 1979, in w hich the reef remained submerged for longer periods and sediment transport may have 
been less dramatic.
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marked and could be traced to an event or series of events, such as storms. The more 
pronounced changes described are traceable by comparing aerial photographs from 
1943, 1973 and 1980 and most were said to have affected, for better or worse, the 
effectiveness of one or more fishing methods or the distribution of fish on the reef
As an example, the most famous and dramatic change on the eastern half of the Andra 
reef was the destruction of a sand cay located approximately a third of the distance 
between the main Andra sand cay and Papienbrus Island (Fig. 59). Smaller than 
Papienbrus, this cay was stable enough to support a fully grown stand of Casuarina, an 
understorey of shrubs and ground cover typical of uninhabited sand cays. Sometime in 
the mid-1930’s, large waves battered the cay over a series of days until all vegetation 
was swept from it, and sand from the disrupted cay dispersed onto the neighboring reef 
flat. By 1943, aerial photographs show what appears to be sand ffom this cay forming a 
distinct, elongated sand sheet stretching ffom its original position to the leeward reef 
margin, where it was beginning to spill over the reef edge (Plate 8). Sand had clearly 
inundated portions of large coral patches within the reef flat and along the reef margin. 
On the 1973 aerials, this sheet had become discontinuous, with much of the sand 
dissipating or contributing to smaller sheets to the east and west. A distinct 
accumulation of sand developed in the location of the former cay and live corals 
recolonized newly uncovered outcrops. By 1980, the potentially reforming sand cay 
was much reduced and sand accumulations were so thoroughly redistributed that they 
could not be traced to the 1943 sand sheet. Some live coral colonies had disappeared, 
while others were more dispersed. For informants, the breakup of this sand cay had two 
major consequences. Firstly, encroaching sand deposits buried and destroyed some rich 
and productive live coral colonies on the leeward half of the reef which in turn reduced 
the number of fish in these areas. Secondly, the intact sand cay had impeded tides 
receding from the aligned coral subzone and thus caused increased ponding or moating 
in this zone. This effect was sufficient to support extensive, low-stature coral colonies, 
which in turn supported larger fish communities. With the destruction of the sand cay, 
the aligned coral subzone drained more thoroughly and rapidly, leaving many of the 
coral colonies exposed and dead. This not only reduced the effectiveness of a number 
of fishing methods used on the reef flat, but apparently decreased catches in the walled 
traps to the north4.
On the western half of the reef, damage caused by encroaching sand was described as 
more gradual. Throughout the 1920’s and 1930’s large sections of the reef flat off the 
western tip of Andra Island were dominated by dense colonies of small branch corals 
and numerous microatolls. Sometime after World War II, sand sheets began to bury 
substantial portions of these colonies; an increase which is apparent in comparisons of 
the 1943 and 1980 aerial photographs. The effects of this change were felt most by the 
women, because these small branch coral colonies were the main environment in which 
the women’s fishing basket (kohe) was used. These colonies also harbor small fish 
populations that attract schools of larger fish onto the reef, where they are more easily 
caught. No explanation was given for the increased amounts of sand, but the rapidly 
eroding north and northwestern shoreline of the Andra sand cay may suggest a source.
4 Ephemeral sand cays to the east of Papienbrus Island are currently said to have a similar effect when 
they are intact. They can cause increased ponding on the immediately surrounding reef but when they 
disperse, they can bury live coral colonies.
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If the narrowing of the northern point accelerated for some reason, then the quantities of 
prograding sand might increase noticeably5.
Along the leeward reef margins drainage channels have apparently become more narrow 
and shallow, either by infilling by sand or by the increased growth of branch coral 
colonies. The most pronounced example was a large channel which serves as the main 
canoe or boat entry to the island and through which the strongest currents pass. 
Informants depicted it as being much deeper in the past, with some parts being so deep 
that the water was “blue”. More important, however, is that some larger fish which 
normally inhabit deeper waters periodically used this passage to enter the reef and, with 
the reduced depth of the passages, they no longer come or do so much less frequently. 
Along the windward reef margin, the periodic deposition or redistribution of large 
amounts of rubble was said to shift the direction or velocity of wave-generated currents 
across the aligned coral subzone and alter sediment movements or rates. Again, the 
major concern expressed was that these shifts adversely affected live coral colonies.
More direct damage to corals occurs when severe storms deposit debris directly on the 
reef flat or create subsequently prograding rubble tongues which eventually bury parts 
of the reef flat. Rubble accumulations can also be locally advantageous if they cause 
temporary moating which supports coral growth.
Human activities were also viewed as detrimental, particularly to branch coral colonies. 
Iron-tipped spears or shafts can break branch coral formations when they miss their 
target; damage that was increasing given the growing significance of spears in fishing. 
More important, however, is depletion due to the production of lime used in chewing 
betel nut. This entails collecting and burning moderate piles of medium-sized branch 
coral. While lime powder appears to have been a customary trade product of the north 
coast fishing communities, production on Andra has increased greatly in recent years 
because Andra lime is reputed to be the most potent available at the provincial capital 
market. With demand growing for lime, and cash becoming increasingly important, 
numerous branch coral colonies have become algae-encrusted, dead coral stubs.
The morphology of these reefs not only changes through time, but varies substantially 
among the segments of the Manus barrier reef. For example, comparison of aerial 
photographs of the Andra reef with those of the eastern half of the Ponam reef (Cholio) 
shows that the sanded reef flat of Cholio is much broader than that of Andra and, in fact, 
it dominates the reef flat. The aligned coral subzone on the Ponam reef is narrower and 
less diverse than that of Andra, while the moated subzone on Ponam is far more distinct 
and forms a clear uniform band parallel to the windward reef margin. The blue holes 
and nearly enclosed lagoon areas found on the Ponam reef are absent from Andra, but 
the leeward reef margin and slope of Andra appear more topographically and 
biologically complex. The Ahus reef combines the contrasting features of both reefs. It 
encompasses a semi-enclosed lagoon area; the leeward reef margin is topographically 
complex; and a developed leeward reef slope extends from the western third of the reef. 
As on Andra, more of the reef is covered by a pronounced aligned coral subzone than by 
sanded flats. Those fishing methods that are strongly associated with these reef 
characteristics could vary in prominence among islands.
5 Older informants claimed that this shoreline receded at least 10m within their lifetime and stories 
told by their fathers suggest that another 10m were lost during the previous generation.
Fishing Methods and Environments 335
Major Fishing Methods
The equipment, techniques and strategies which constitute the 27 named fishing 
methods described below (walled traps being a 28th) are prevalent throughout many, if 
not most, Pacific Islands fishing communities (Anell 1955; Reinman 1967). Most 
methods employ, in a primary capacity, nets of various sizes (nine methods), baskets 
made of rattan (four methods) and casting of a hook and line within and beyond the reef 
(eight methods) (Appendix F)6. The remaining six methods rely on equipment such as 
spears or harpoons; on techniques that include fish drives, luring fish into artificial 
rubble mounds or using fish poison; and strategies such as pursuing floating logs in the 
open ocean around which sharks and other fish congregate. Classification of each 
method is based on Andra terminology, which consistently applies a single term or 
combination of terms to a unique set of activities which use specific equipment. In most 
cases, equipment or gear is the primary distinction, although what will be called 
differences in procedures and strategies are also central to these definitions. Procedures 
are broadly defined here as those steps routinely followed in handling equipment or 
materials and for which some skill is required. Strategies encompass the knowledge 
needed to adapt use of equipment, procedures and skill to circumstances which can vary 
geographically or temporally. These could include local characteristics of the reef, 
varying tidal and current conditions and potential shifts in fish behavior. Descriptions of 
the 27 methods rely on verbal accounts of methods still in use, even if used rarely, and 
those that have been largely abandoned. With the addition of the walled traps, this 
listing essentially reconstructs the assemblage of methods considered customary or used 
in a customary context during the youth of older informants and during the lives of their 
parents. Included are several methods which could be relatively recent introductions but 
will be considered customary here because they are subject to the same social 
parameters that apply to the long-established methods.
Most methods were already being transformed during the pre-World War II period by 
the introduction of modern materials or equipment, although the rate and significance of 
these changes rose considerably after the War. Imported materials grew increasingly 
diverse and accessible as did the cash to purchase them. For the methods described, it is 
very difficult, if not impossible, to distinguish every aspect that could reflect a modem as 
distinct from a traditional derivation. In most cases, modern materials replicate 
customary equipment. For example, monofilament or nylon netting is strung from 
frames fashioned from local woods retain their prescribed size and shape. More 
profound changes accompanied the introduction of metal fishhooks, iron spears and 
fishing goggles. Adoption of metal hooks was sufficiently rapid so that no one 
described how the use of shell hooks differed from that of metal hooks. The 
introduction of glass goggles, brought back to Andra before World War I by laborers 
recruited to work on Samoan plantations, eventually led to the increasing effectiveness 
and use o f spears. The suggestion that an entire method was a recent introduction arose 
only in four cases and then with some uncertainty and inconsistency among informants.
6 As is evident from the Carriers' discussions of fishing on Ponam (Carrier J. 1981, 1982; Carrier and 
Carrier 1983, 1989:96-133), the methods used and the social aspects of their use are fundamentally 
similar, if not identical to that of Andra in many respects. Differences between the islands are little 
more than variations on similar themes. Differences could stem from long-standing differences 
between the islands, differences in reef morphology and variations in the recent histories of the two 
islands.
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Nets
Of all the methods, those using nets are by far the most elaborate, their forms are the 
most diverse; techniques and strategies are the most complex; and, as will be discussed 
later, their social consequences are potentially the most far-reaching. Based primarily 
on net form, the nine methods divide into three groupings: large nets supported by 
three-sided wooden frames; long barrier nets held by floats and weights; and smaller, 
hand-held scoop nets. Distinctions within these groupings are based on net mesh size 
and whether procedures require nets to be used singly or in pairs.
Informants clearly identified hu as the most prominent and widely used of the large nets 
(Plate 16). This method entails using, as a pair, two rectangular nets that are each 
attached to three-sided wooden frames measuring about 6 by 2.3 m. The pair of nets is 
operated by three men who hold the two nets in an open V while a group drives fish 
towards them. These nets, either in single or multiple pairs, are used in designated and 
named areas, most of which lie on the leeward reef flat or margin and along routes 
favored by fish (cf. Fig. 61). Areas are often used sequentially in a single outing and, 
during large fish drives up to 14 pairs can be placed in various configurations in a single 
area. Another method, laiyo, is identical to hu except that the mesh size of the 
rectangular nets is smaller and its use confined to sea grass communities or along sandy 
shorelines where schools of smaller fish and juveniles gather. The mesh size of these 
nets was said to be about “half an inch” compared to the medium-sized mesh of “one to 
two inches” used for hu. To depict pre-monofilament netting, informants gave mesh 
sizes in inches, which if not reflecting actual dimensions, does imply relative size.
In the four barrier net methods, groups of men in the water or in canoes drive fish or 
turtles towards these long nets held upright by floats and weights and secured by men at 
intervals. In the two methods using medium-mesh nets, lau and lau wieyep, only a 
single long net is set to form an open U configuration. The most commonly used of the 
barrier net methods, lau was practiced in designated places which, with one exception, 
are all located along the leeward reef margin in drainage channels frequented by fish 
leaving the reef. Areas can be worked sequentially, with shallower localities being used 
before deeper ones. The similar but narrower net, lau wieyep, is used only on the algal 
pavement of the windward reef crest, where fish are driven from the rubble zone toward 
the reef edge. The two methods using nets with much larger mesh sizes, chuweai and 
kapet, require a pair of long nets which are set by canoe to form a V configuration 
ChuM>eai, having the second largest mesh size, specifically targets schools of large fish 
and is set only after such schools are seen on the reef. Again, it is used in designated 
passages along the leeward reef margin. The most celebrated net method, at least in 
terms of ritual and informant enthusiasm, is that used to catch numbers of turtle. Called 
kapet, the net is the largest in overall dimensions and mesh size (“9 to 12 inches”) and is 
set in relatively open sandy areas along the reef flat or fringing reef where groups of 
turtle have been recently observed Turtles are captured live and nurtured in offshore 
staked holding pens, usually until a planned feast or ceremonial exchange is held.
Another three net methods all involve hand-held nets with wooden frames or a partial 
frame. In the method called maut, the net resembles a barrier net in that it hangs when 
in use but looks similar to frame nets because it is attached to a pole. The pole is held 
by one man as others drive fish towards the net. As with lau wieyep, this method is 
used only along the algal pavement and fish are driven from the rubble zone towards the
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Plate 16 A Pair of Medium-Mesh Frame Nets (Hu): held by Paul Halas of Andra
Plate 17 A Pair of Hand-Held Scoop Nets (Kupwen): held by Nanok Caroline Karum 
of Kamat, Andra
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open ocean. In the two other methods, sum  and tuhuluhu/, hand-held scoop nets are 
positioned alongside microatolls or coral blocks to catch fish intentionally startled from 
hiding. In tuhuluhul, a method used only by women, the scoop net (kupwen) is identical 
to that used within the walled traps (Plate 17). In surri, the male counterpart to 
tuhuluhul, the scoop net is almost identical to kupwen but slightly larger and a long pole 
is used to startle fish by dislodging the microatoll or coral blocks.
Baskets
The four methods using rattan baskets represent different approaches to fishing. In 
three methods, cylindrical basket traps are submerged on the reef floor, generally for 
three days and nights. Within the rattan cylinder, woven funnels lead from each end to 
the center of the basket, allowing fish to enter the traps but making their departure 
difficult. All three baskets are identical in design but differ in size and, as their names 
indicate, in location. The smallest basket trap, mbru en chuk, is placed in designated 
areas within the reef flat, mostly where sanded areas lie next to coral formations. The 
largest of the basket traps, mbru en papi, are set in sand-covered areas in much deeper 
waters along the leeward reef margin, while the medium-sized basket trap, mbru en 
mocho, is lowered, by hook, onto patch reefs located within the straits between Andra 
and the main Manus Island. Based on informant depictions, the smallest baskets may 
have been about 1.5 m long and the largest about 2.5m long. The fourth basket method, 
kohe, is used only by women. The conical basket, measuring about 50 to 60 cm long, is 
set vertically adjacent to colonies of small branch coral which harbor numerous smaller 
fish Fish are ushered towards the basket by poking at the colony with a stick and if fish 
enter the basket, it is lifted quickly.
Hook and Line
The degree to which pre-metal fishhook forms varied among the different hook and line 
methods is not traceable through informants or ethnographic descriptions. Early 
accounts and museum collections indicate that the single-piece, non-barbed hook made 
of Trochus shell was the major fishhook type (Moseley 1879:405-406; Nevermann 
1934:161-162; Beasley 1928:74). Some fishhooks fashioned from metal were 
apparently in use by 1908 (Nevermann 1934:162). Although informants could not 
describe the use of the shell hooks, they characterize the line (yai) twined from the inner 
bark of chiyap (Gnetum gnemon), or the vine kap (cf. Andodendron paniculatum). No 
differences were mentioned in line type or width with the exception of that used to catch 
sharks. Today hooks used on the reef flat are baited mostly with hermit crab but it is 
possible that this practice developed with the introduction of metal hooks, as was 
suggested by one informant. In 1874 members of the Challenger expedition observed 
shell hooks being used without bait (Moseley 1879:405-406; Beasley 1928:74).
Most distinctions among the hook and line methods reflect differences in location or 
procedures more than equipment. Of the nine methods, four primarily involve the 
repeated casting of a hook. The most commonly used, yai lomat, simply entails casting 
a hook from an anchored canoe within the reef flat. In the yai kinkol and yai 
chechenkol methods, the hook is cast by individuals standing on the reef edge; in yai 
kinkol they cast into the spur and groove subzone of the windward reef slope; and in yai 
chechenkol into the leeward reef slope. Currently, these two methods are infrequently 
used. By far the most elaborate and complex casting method is that using live bait.
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Description of this method includes the entire process from obtaining the bait fish by a 
leaf sweep in the sanded, near-shore areas to casting the baited hook from poles made of 
palm frond mid-ribs. Casting occurs over or near patch reefs, where schools of larger 
fish are attracted by stirring and chumming the water. Once fish begin to bite, the baited 
hook is cast and retrieved in rapid succession.
The remaining four hook and line methods include two types of dropline procedures, 
trolling and kite fishing. With some uncertainty, a few informants suggested that the 
dropline methods may have been introduced concepts, although both were well 
established during their childhood. These two forms of bottom fishing were practiced 
from drifting canoes along the windward reef slope or over patch reefs. They differ 
mainly in depth, the weight used to carry the line to the desired depth and how the 
weight is tied to the line before its release. Yai alawen takes place in deeper waters than 
yai delema and farther from the reef edge. Along the windward reef slope this may 
indicate that yai delema works the upper portion of the slope, including the spur and 
groove subzone, while yai a/au'en reaches the lower reef front terrace. Although 
trolling (yai kindrol) is now done from motorized canoes or speed boats, informants 
consistently described its former use from canoes under full sail. Kite fishing, 
documented in Nevermann (1934: 163), has so thoroughly fallen from use that 
informants never mentioned it until asked. Kites, from which the hook and line is 
suspended, were flown from canoes throughout the reef flat or by an individual standing 
along the shoreline.
Miscellaneous Methods
Of the six remaining fishing methods, descriptions of three center less on equipment 
type. In the most dramatic of these, shark hunting (mokou), canoes annually sail north 
to intercept logs and flotsam that drift past Manus when the northwesterly winds 
predominate. Although sharks are caught with large hooks and a thick, fairly short line, 
this method is not grouped with hook and line methods because descriptions of these 
expeditions placed equal emphasis on catching numerous other fish that gather beneath 
the logs and debris. These fish are caught with the smaller version of the net laiyo after 
they are lured to the surface by a stick wrapped in palm fronds to simulate floating 
debris. In the two other methods, use concentrates in the aligned coral subzone or the 
moated subzone and depends on fish taking refuge in coral or rubble formations. In the 
method called patch, people construct a mound of reef rubble (1.5 by 1 m) which is left 
undisturbed until fish routinely take shelter in it. Once sufficient numbers of fish inhabit 
the mound, it is systematically dismantled in the direction of a waiting hand-held net or 
basket. In the other method, fish poisoning (ngongdroonkai), fish hiding under 
microatolls or other formations in shallow waters are stupefied and collected as they 
float to the surface. The poison is released from crushed roots of the plant Derris 
elliptica, a common fish poison elsewhere in the Pacific (Peekel 1984:243)
Spears and Harpoons
The last three methods involve use of spears or harpoons. In agreement with Ponam 
fishermen (Carrier 1982), some informants believe harpoons are not an indigenous 
method, although they could not recount its introduction as they could spear guns or 
glass goggles. Harpoons consist of a wooden shaft with a metal point and a thick cord 
which joins the shaft to a wide short pole which, when held securely, allows the harpoon
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and prey to be retrieved. They specifically target turtles, dugong, rays and larger fish 
which frequent sanded areas of the leeward reef flat, particularly on moonlit nights. 
Despite their use being eclipsed by metal spears or spear guns, older informants clearly 
remember spears made of indigenous materials and their use. Spear shafts were made of 
bamboo, the points sharpened from segments of palm trunks. Distinctions among spears 
were based on numbers of prongs: one prong was preferred if fish were sleeping or 
stationary; two if fish hid in holes or were about to escape; and three or more if fish 
were moving quickly over sand or drifting in the open ocean. Descriptions consistently 
stressed the importance of calm water to provide good underwater visibility. These 
conditions are also important to the method called rohas, in which people with their 
smaller fishing canoes form a circle and progressively drive fish towards the center. In 
the process, individuals spear fish as the opportunity arises. Use of this method occurs 
throughout the reef flat, although most examples given favored the leeward portion of 
the reef.
Environmental Considerations
In terms of number, but not necessarily frequency of use or relative productivity, the 28 
named methods are evenly distributed geographically over several environmental 
distinctions: eight occur beyond the reef edge; four are found throughout the reef flat 
and margins; eight take place within the windward half of the reef; and eight occur 
within the leeward half of the reef (Fig. 60, Tables 16 and 17). Within these distinctions 
the greatest contrast is between methods that occur beyond the reef edge and the 
greater number of diverse methods that take place within the reef flat or margin. As 
would be expected, hook and line procedures dominate in deeper water environments, 
with seven of the eight methods used off-reef relying on hooks. The exception involves 
basket traps which are lowered onto deeply submerged patch reefs. Only two of the 
eight methods, trolling and shark fishing, are truly removed from reef formations. The 
remainder work the windward and leeward reef slopes, patch reefs and areas near patch 
reefs.
Within the reef flat and margins the four generalized methods which exploit a wide 
range of reef habitats are the two hook and line methods, spears and fish drives. Use of 
the other 16 methods is clearly partitioned by reef morphology, with their distribution 
essentially reflecting the windward to leeward progression in zonation. Method 
distribution is more distinct and well defined where the effects of a windward exposure 
predominate and is less clear or overlaps more frequently within the less dynamic 
leeward sections of the reef. The eight methods exploiting the more specific habitat 
types of the windward half of the reef represent a greater diversity of equipment types 
and procedures. Along the windward reef crest four methods are used primarily or 
exclusively in one of the three narrow parallel bands that form the reef crest. The two 
net methods (narrow barrier net and partial frame net) are used exclusively on the algal 
pavement; most walled traps lie in the rubble subzone and extend into the moated 
subzone; and the artificial rubble mounds are located almost entirely within the moated 
subzone. Immediately leeward, a group of four methods dominates use of the distinct 
aligned coral subzone which covers most of the windward half of the reef flat. The two 
scoop net methods {sum  and tuhuluhul), fish poison and conical basket (kohe) all 
depend on the aligned coral subzone becoming exposed during low tides to allow 
walking across the reef flat and standing.
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In contrast, use of the leeward half of the reef is dominated by two method types: the 
large net methods used in conjunction with fish drives, and basket traps. Of the eight 
methods associated with the leeward half of the reef, only one, harpoons, does not fall 
into either category. While use of the smallest (mbru en chuk ) and largest (mbru en 
papi) basket traps does differentiate between two zones, the sanded reef flat and the 
deeper waters of the leeward reef margin, use of the six large net methods tends to cross 
habitat distinctions. Most of these net methods routinely work, often in sequence, the 
more inward and shallower areas of the sanded reef flat before concentrating on deeper 
waters along the leeward reef margin. Even the small-mesh frame net which specifically 
works sea grass communities and near-shore sanded areas of the leeward reef flat, is 
frequently used on the fringing reef of the main Manus Island, as are harpoons and the 
turtle net. All methods occurring on the leeward portion of the reef require sufficient 
water levels to completely or partially submerge primary equipment.
Seasonal Aspects
More than dictating method use, seasonal conditions indicate the likelihood of methods 
being effective, the degree that access to fishing areas is possible and the relative 
productivity of particular areas. As is common throughout Manus, Andra informants 
characterize broad annual patterns in terms of two seasons marked by the predominant 
trade winds, the northwest trade winds being dominant for six months between 
November and April and the southeasterly winds occurring between May and October.
As mentioned in Chapter 6, distinctions between the two six-month periods are 
reinforced by a general correspondence between the predominant wind direction and the 
annual progression of the diurnal low tides: that is, daily low tides occur at night when 
the northwest trade winds blow and during the day when the southeast winds dominate. 
Despite these fairly clear distinctions, only three methods are restricted solely to one of 
the two seasons, with the remaining methods being used throughout the year. Some 
attributes of these seasons, however, suggest that a number of variables make the use of 
certain methods more feasible or productive during one of the seasons.
Almost paradoxically, the Andra informants depicted the season of the northwest trade 
winds as being more productive, although fishing is more likely to be disrupted by 
adverse and unpleasant weather conditions. Being located off the north coast of Manus, 
the reef and island are directly exposed to the full force of the stronger and steadier 
northwest trade winds (maranaha) which generate large waves, strong currents, rough 
seas and a higher incidence of storms. The season is seen as more productive for two 
reasons: firstly, these high seas, the “noise” of the waves and strong winds bring more 
fish onto the reef, where they can be caught more easily; and secondly, the generally 
cooler temperatures make people more productive because they are less prone to 
fatigue. Put more simply, this is the season when the markets are filled with fish and 
people are happy. The season of the southeasterly trade winds is less fruitful. Called 
chiyer, the predominant winds during this season actually approach the island from the 
east, having been deflected by the land mass of the main Manus Island. These strong 
although variable winds bring little rain and the warmer weather makes people lethargic. 
The winds tend to pick up at about seven in the morning and die down around five or 
six in the evening, leaving periods of calm that provide some advantage to fishing 
methods that benefit from the increased visibility of still waters. Probably contributing 
to the lower number of fish on the reef in this season is the bi-weekly draining of the reef
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during the day, particularly disruptive to fish populations which are active predominantly 
by day.
The three methods restricted to one season owe their exclusive association to specific 
tidal requirements, use during the day or the annual presence of drifting logs. Use of the 
walled traps, as discussed earlier, is tied to the specific timing of falling tides which 
occur only within a two to three month period in the second half of the season 
dominated by the southeasterly winds. The combined requirements for use of fish 
poison, that it take place during the day and in the well-drained aligned coral subzone, 
restricts its use to the season of the southeasterly winds. Shark fishing takes place only 
during the northwesterly season because this is when logs and flotsam drift past Manus 
in sufficient amounts to attract sharks. The actual timing of the expeditions within this 
season, however, depends on the development of a local land-sea breeze regime (arrur) 
that only becomes prominent when the northwesterly winds temporarily slacken 
(McAlpine et a/. 1983:42-43). These winds carry the fishermen to the drifting logs in 
the afternoon and return them to the island in the morning.
Although most methods were more productive during the season of the northwest trade 
winds, only the submerged basket traps (mbru en chuk and mbru en papi) were singled 
out as being particularly successful during this period, primarily because they do not 
require sustained access to the reef or areas beyond the reef. Even during stormy 
weather and strong waves, submerged baskets sit undisturbed on the reef floor and can 
be set or retrieved during opportune lulls in foul weather. Informants specifically 
stressed that fish from these baskets and edible marine shells, were important 
supplemental foods when the stormy northwesterly winds curtailed fishing or trade for 
starch staples. Fishing methods noted as benefiting specifically from increased numbers 
of fish brought onto the reef during rough weather include the large frame nets (hu), fish 
drives (rohas) and those that work the exposed or partially exposed aligned coral 
subzone, particularly the hand-held baskets (kohe) and scoop nets (surri and tuhuluhul). 
Methods used at night during low tide were said to be particularly successful because 
the reef had been submerged throughout the preceding day. These advantages, 
however, do not eliminate the fact that severe weather during this season would 
seriously hamper fishing efforts, on and off reef.
The only wind condition directly associated with fishing methods was a windless time 
called mondra Occurring throughout the year, the still waters created by calm 
conditions were ideal for spearing and fish drives because underwater visibility is 
excellent. When mondra occurs early in the morning, it signifies a sequence of events 
that is likely to bring many fish onto the reef If it is calm, fish stay “down below” along 
the lower portions of the leeward reef slope (chechen) until a gentle southerly wind 
(kup) begins and they move up the reef slope to enter passages along the leeward reef 
margin (Maranchau). Fish drives and the medium-mesh barrier net are particularly 
successful towards the end of this sequence.
Tidal Aspects
None of the tidal restrictions or preferences assigned to the major fishing methods are as 
precise as those governing use of the walled traps, nor is tidal flow the primary means of 
moving fish towards capture in any other method. The use of 15 of the 28 methods is,
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however, dependent on tidal fluctuations to provide, in conjunction with reef 
topography or elevation, required water levels to operate primary equipment; to allow 
participants access or mobility to use methods; and to influence fish movements. 
Although used throughout the year, 12 of these methods are linked to the series of days 
in which tidal fluctuations are pronounced on a bi-weekly basis (Chapter 6). As was 
shown with the walled traps, being tied to tidal cycles and degree of tidal fluctuation 
means that the frequency with which a method can be used, and its effectiveness, will 
vary within a single year and differ from year to year. Annually, frequency of method 
use can differ because tidal extremes are greater and of longer duration near the 
southern and northern solstices. In the three other methods subject to specific water 
levels, the tidal range required is relatively narrow, but it occurs almost every day of the 
year.
Tidal influence is negligible or absent in determining when the remaining 13 methods are 
used. These include most methods taking place beyond the reef edge, as well as reef- 
based methods that can be used in a broad range of conditions or those requiring 
medium to high water levels that are generally available on the topographically deeper 
portions of the reef flat (Table 16). These versatile methods include spear fishing and 
fish drives, while casting on the reef flat, kite fishing, harpoons and basket traps all 
require water depths that are always available somewhere on the leeward half of the 
reef. Water need only be sufficient to operate canoes or keep basket traps submerged. 
All these methods have the broadest period of potential use but most are vulnerable to 
disruption by strong winds or high waves, primarily because a majority rely on canoe 
use in deeper waters.
Methods dependent upon required water levels, and the estimated frequency of their 
use, can be broadly grouped by those occurring within the same reef morphological 
zone and subzone or areas with comparable elevations. The five groupings are based on 
water levels sufficient to expose the windward and leeward reef crest; to allow standing 
water at mean sea level on the algal pavement and in the moated subzone; to drain or 
partially expose major portions of the aligned coral subzone; and to lower water levels 
on the leeward reef flat to allow a stable footing to be maintained during use of the 
major net methods. To tie these generalized requirements to the predicted tidal 
oscillations (Chapter 6, Figs 50, 51, 52) and thus to the bi-weekly tidal cycles, it will be 
assumed, as it was in the previous chapter, that the windward reef crest lies 
approximately at the mean low water level (MLLW), which is represented by 0.2m 
above datum on the plotted oscillations. Estimated depths below this level on the 
windward half of the reef flat are based on observations and two mapped profiles of two 
walled fish traps that suggest the algal pavement slopes north to maximum depths of 20 
to 25cm below the reef crest. When combined, the moated subzone and the aligned 
coral subzone to the south of the reef crest probably slope to depths o f 20cm to 40cm.
In most of these cases the uneven reef surface caused by localized crevices, depressions, 
coral formations and cemented rubble creates differences in reef height or depth that are 
greater than the overall gradient of the reef. Depths on the leeward reef flat and margin 
are more difficult to estimate because there is no readily defined level beneath which 
depth can be measured, while elevations are as highly variable as the topography. Based 
on depths charted on reef flats to the east of Andra (US.  Army Corps of Engineers 
1952), it appears reasonable to assume that the sanded reef flat and leeward margins
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range between 1 and 3m in depth. It will also be assumed that these depths are 
measured below mean sea level, or 0.5m above datum on the plotted oscillations.
The first grouping includes the two methods in which hook and line are cast over the 
reef slopes, one from the edge of the algal pavement of the windward reef crest and the 
other from the leeward reef margin. In both, the reef edge should be sufficiently 
drained, if not exposed, to allow participants to stand while casting. For these methods 
to be feasible, tides should fall, preferably, to 0.0m and below on the plotted oscillations. 
This assumes that the elevation of the algal pavement is, at maximum, between 20 to 
25cm below the reef crest, which would be exposed at 0.2m on the plotted oscillations. 
Even lower levels may be more appropriate for casting from the leeward margin, which 
is lower in elevation and more irregular. If the appropriate water levels are 0.0m or 
below, then the potential number of days on which these methods could have been used 
ranged from 35 to 258 over the six years 1979 and 1984-1988, with 105 and 131 days 
being the more typical range as calculated from Table 18. Actual use was probably 
much less because high waves or swells washing the reef margins would make these 
methods unfeasible despite appropriate tides which suggests that they were used more 
frequently during the calmer season of the southeasterly trade winds.
In the second grouping, the narrowly defined range of water levels should be sufficient 
to partially suspend the narrow barrier (lau weiyep) and partial frame (maut) nets over 
the algal pavement and to partially submerge the artificial rubble mounds in the moated 
subzone. In all cases the most appropriate water levels probably fall between 0.4 and 
0.5m on the plotted oscillations. Given that mean sea level is 0.5m, this fairly specific 
range occurs on every day of the year. In the case of nets used on the algal pavement, 
about 40cm of water would probably be needed for nets to hang freely. Informants also 
specified that water levels should be low enough to allow rubble accumulations along 
the reef crest to act as a natural barrier as fish are driven in the opposite direction 
towards the open sea. Arriving at the estimated tidal level of 0.4 to 0.5m considers the 
following combined factors: that the rubble accumulations are about 20 to 30cm above 
the reef crest; that the algal pavement slopes to 20 to 25cm below the reef crest; that the 
nets need about 40cm of water to hang; and that the reef crest lies at 0.2m on the 
plotted tidal levels.
For the artificial rubble mounds similar requirements were calculated by considering 
that, in order for fish to be collected from the mound, water depths should be 40 to 
50cm above the reef surface. These water levels are sufficient to partially submerge the 
mounds so that fish can swim to the waiting baskets or nets as the mound is dismantled, 
but shallow enough to allow participants reasonable mobility. If the surface of the 
moated subzone is 20 to 30 cm below the reef crest, then the preferred depth would be 
reached at 0.4 to 0.5m above the plotted datum. Although this range essentially occurs 
every day, the duration of the desired water level would vary depending on the degree 
of tidal oscillation. If the tide is falling rapidly, water levels would drop past the range 
and eventually rise through it quite quickly. During the period of pronounced diurnal 
oscillations, appropriate levels could last from 50 to 155 minutes twice a day. If tidal 
fluctuations were relatively flat, water levels could be within the range for most or at 
least half of the day. Again, actual use was probably less than this potential because the 
algal pavement and, to a lesser extent, the moated subzone can be disrupted by high 
waves or swells. Use of the rubble mound may have been periodic for two other
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Table 18 Number o f Days Predicted Tides Fell to Specified Levels in 6 Study Years
Depth of 
Low Tide
0.1 0 -0.1 -0.2 -0.3 -0.4 Total No. of 
Days
1979 95 35 130
1984 77 90 15 182
1985 74 85 34 193
1986 46 62 87 61 41 7 304
1987 78 81 35 4 2 1 201
1988 68 92 33 3 3 199
Depth of 
Low Tide
0.1 0 -0.1 -0.2 -0.3 -0.4 Percentage of 
Days in a 
Year
1979 26% 10% 36%
1984 21% 24% 5% 50%
1985 20% 23% 9% 52%
1986 13% 17% 24% 17% 11% 2% 84%
1987 21% 22% 10% <1% <1% <1% 53%
1988 19% 25% 9% <1% <1% 53%
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reasons: severe storms or strong currents could repeatedly destroy the mounds; and, 
even in stable conditions, fish need to be given time to colonize them.
The third grouping includes the four methods used when tides are low enough to 
substantially expose the aligned coral subzone and the moated subzone. Use of the two 
hand-held scoop nets (sum  and tuhuluhul), the conical basket (kohe) and fish poison all 
rely on water levels low enough to isolate fish movements to coral or rubble formations 
and to allow easy walking over the reef, particularly when numerous locales are worked 
during a single outing. Water levels at each site, however, should be high enough for 
fish to flee from their hiding places and for people to maneuver the nets. An estimated 
20 to 40cm of standing water is probably sufficient. If the general gradient of the 
windward half of the reef flat ranges from 20 to 40cm below the reef crest, then feasible 
or most effective tidal levels would fall between 0.2 to -0.2m. Lower tidal levels could 
also be suitable because adequate water depths are maintained where the uneven surface 
of the aligned coral subzone creates localized ponding. Fish poison, in fact, is probably 
more effective when tides drop to the lower end of the range. In the six years examined, 
this suitable tidal range occurs between 220 and 308 days a year (Table 18) or 
approximately between 60 and 80 % of the year.
In the final grouping the five major net methods all require water levels said to be about 
chest high or approximately 90 to 110cm above the reef surface. This range allows net 
handlers to stand securely, the nets to hang suspended and relatively large numbers of 
fish to find adequate passage as they approach the nets. All five methods primarily take 
place on the submerged sanded reef flat or leeward reef margin, the surface of which 
presumably lies between 1 to 3m below mean sea level. If these elevations are correct, 
then the probable tidal range for general net use would be between 0.4 and -0. lm on the 
plotted oscillations. The higher tidal level (0.4m) would allow 90cm of standing water 
over the more shallow portions of the reef or those lying lm below mean sea level. The 
lowest estimated level (-0. lm) would leave 110cm of water over a reef surface 2m 
below mean sea level during the lowest predicted tide (-0.4m) in the six years examined. 
The actual as opposed to the theoretical range may be less broad because most nets are 
used in designated and named locales whose unrecorded depths may be less uniform 
(Fig. 61). Although the tidal level of 0.4m is close to mean sea level and some places 
may have been usable throughout most of the year, most designated net sites are in 
deeper portions of the reef. These nets are more likely to be used when tidal 
fluctuations are pronounced and on a falling rather than a rising tide because fish tend to 
follow more predictable routes on receding tides.
Besides broad correlations with the bi-weekly tidal fluctuations and probable water 
levels, the only other tidal factor that influences when methods are used is the belief that 
all reef-based methods are more productive at the onset of pronounced tidal fluctuations 
within each bi-weekly cycle. As discussed in Chapter 6, informants stated that greater 
numbers of fish are brought onto the reef during the preceding days when tidal 
fluctuations are minimal and the reef is almost continuously submerged. Conversely, 
fishing is the worst when the reef is or has been repeatedly and thoroughly exposed for 
long hours and over a number of consecutive days.
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Other Factors
Most methods show no strong association with other factors that might give fishing a 
greater sense of scheduling. Little emphasis is placed on lunar phases, perhaps because 
the moon has little observable influence on equatorial tides. Moonlight affects fish 
behavior in that they become more active when the moon is bright and less when it is 
absent or subdued. Nights without moonlight are best for spearing because fish are 
docile. Casting with hook and line and using harpoons are more productive on moonlit 
nights because active fish are more likely to bite and rays, sharks, turtles and dugong 
come onto the sanded reef flat at this time. Only fish poison and the walled traps are 
used exclusively during the day or early morning and no methods were said to take place 
only at night7.
Social Considerations
The primary social factors determining who will fish where and how are embedded in an 
array of generalized and specialized use rights. These rights are broadly based in major 
territorial divisions but are also layered with distinctions over the use of specific fishing 
methods, equipment numbers, locales or fish species. Individual involvement in fishing 
activities and a share of the catch depends on the amount of labor needed to use 
particular methods and on a person’s gender (Tables 19 and 20). Influential, although 
less clearly defined, are ritual and beliefs that dictate procedures followed by participants 
to raise the likelihood of successful catches and cause some to avoid particular areas of 
the reef or deeper waters despite their general rights to use those areas.
Ownership Rights
The two major territorial divisions that define the most fundamental use rights of marine 
resources and are essentially extension of the land-based boundary that divides the 
Andra sand cay between an eastern (Rai) and western (Paluaha) half.. Extension of this 
land boundary directly north and south over the reef flat (Fig. 4), however, 
disproportionately divides this domain, with two-thirds of the Andra reef flat being 
controlled by those residing in the eastern half and the remaining third being held by 
those in the western half. This discrepancy may explain efforts made by the Paluaha 
clans to gain or retain their territorial claim to the eastern portion of the Ponam reef 
(Chapter 2, Fig. 56). With few exceptions, all gathering of resources and use of most 
major fishing methods are restricted to these territorial divisions and to individuals who 
reside within them or who are invited to participate. Fishing areas explicitly falling 
within these territorial bounds are all portions of the barrier reef and any patch reefs, 
fringing reefs or shoreline fishing areas lying to either side of the boundary projected 
southward to the Manus mainland. Approximately half of the total number of methods 
are not subject to any restrictions other than those imposed by the two major territorial 
divisions (Table 20). Of these 13 methods, nine clearly include the sequential working 
of widely spaced areas in a single outing, which makes it less feasible to limit use to 
smaller areas.
The attitude that any hour, night or day, was appropriate for fishing was illustrated by an informant 
who was asked if a particular fish sleeps. She answered that this fish did sleep, but. like people, it can 
work, look for food and sleep anytime, night or day.
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Exceptions to these broad jurisdictions are those methods occurring in the open ocean 
and three barrier net methods whose use can cross the territorial boundary (Table 19). 
These nets, however, are restricted geographically to relatively narrow reef zones and 
subzones and their use would not be opening access to broad portions of the 
neighboring territory. Lau and chuweai are set in designated areas within the leeward 
reef margin and lau wieyep is confined to the algal pavement on the windward reef edge.
The more restricted fishing rights exercised within the communally held territories fall 
into three groupings: the first restricts the number of paired frame nets that can be 
owned by any clan or lineage to that which it inherits; the second gives sole ownership 
of specific methods to a single lineage or, as is often the case, to one lineage in each of 
the two territories; and the third provides individuals with exclusive rights to use 
particular locales, but only for specific fishing methods (Tables 19 and 20). The other 
form of ownership, one that does not necessarily involve a particular method, includes 
the exclusive rights of certain lineages to catch particular fish species or octopus under a 
variety of specified circumstances or conditions.
For the most part, the set of specialized rights depicted below reconstructs rights that 
are no longer fully exercised but are, nonetheless, carefully guarded. Informants who 
described many fishing methods in the past tense always spoke of ownership rights in 
the present tense, even though some have not been exercised in 40 years. With the 
reduced significance or abandonment of methods which shaped the more intricate 
boundaries of ownership, attempts are continually being made to redefine these 
parameters to accommodate the use of introduced methods or the growing prominence 
of methods which have benefited the most from modern introductions. Some of the 
apparent differences between ownership patterns on Ponam and Andra probably reflect 
variations in the way each island has chosen to alter its use rights to accommodate 
changes in fishing practices and, particularly in the case of Ponam, major disruptions in 
residence, landholdings and demography (Carrier J. 1981). As with the walled traps, all 
rights are primarily inherited through patrilineal lines and most decisions remain with the 
senior male Tracing inheritance routes is, again, complicated by the historic factors, 
particularly those arising from depopulation and the well-established options to inherit 
or gain access to resources or fishing methods through maternal lines or adoption 
(Chapter 2). The high incidence of disputes over ownership or the application of certain 
rights in current circumstances also made informants reluctant to demonstrate their 
portrayal of ownership by example.
Restrictions placed on the number of frame nets owned by a lineage affect the most 
widely held and frequently used of the major net methods. Informants claimed that 
many lineages owned these nets, with most inheriting, and therefore being limited to, 
about two to four pairs. Although the netting could be replaced or repaired when 
needed, no new frames could be constructed unless they replaced old frames that were 
damaged beyond repair and a feast was held to legitimize the replacement. The total 
number held by any group could increase or decrease only if a male member of the 
lineage and his family permanently left one clan to take up residence with another and 
could, therefore, take his share of the lineage inheritance. The estimated 35 pairs on the 
island today apparently represent a substantial decrease in the number present earlier in 
the century before high death rates so severely decimated some clans that there were not 
enough surviving members to inherit the nets, or as was pointed out, to operate them.
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In the case of the medium-mesh frame net, hu, all lineages could use any of the places 
designated for frame net use within their territory.
The use of one or two pairs of these frame nets is relatively uncomplicated because 
members of the immediate household or clan can be called upon to perform the 
necessary procedures. If numerous nets are needed, particularly for variant uses calling 
for multiple pairs to be set in prescribed configurations, the initiator then becomes 
responsible for recruiting and coordinating labor and equipment beyond his clan or 
lineage, an effort that begins with a series o f consultations and ends in the formalized 
count and public distribution of the catch. The restriction on the number of pairs owned 
probably forces some degree of cooperation among the various clans and lineages, 
which could be crucial if the initiator of the effort is planning a feast or ceremonial 
exchange and will rely on contributions from those participating in a particular outing.lt 
may also limit use of these nets which, if used too frequently, could affect fish 
populations in fairly expansive sections of the reef, particularly if fish are driven from a 
broad area.
In the second ownership grouping, that in which seven fishing methods are owned by 
particular lineages (Table 19), aspects of coordinating method use and publicly 
distributing the catch are much more critical. With the exception of harpoons and 
casting with live bait, methods owned by a particular lineage or clan are all four barrier 
nets with the addition of the partial frame net In the case of three net methods that 
potentially bring in the most significant catches, each method belongs exclusively to one 
lineage or clan in each of the territorial divisions. In the other cases, only one lineage on 
the entire island holds exclusive rights to the method or, as is the case with harpoons, 
they are owned by three lineages on the Paluaha side and one on the Rai side. This 
discrepancy in harpoon ownership may reflect control of the western Ponam reef by the 
Paluaha clans, where extensive sanded reef flats attract high numbers of rays, turtles and 
dugong and the open topography makes their pursuit more effective. In some of the 
more complicated methods, organizing the necessary labor and equipment is not only 
more complex, but performance of the method depends on joint or subsidiary rights held 
by different lineages. In the case of chiweai, each side of the paired net is owned by a 
different lineage in the same clan and, with the net used to catch turtle (kapet), the man 
who scouts for the turtles and signals the beginning of the drive must be from a specific 
lineage. In both methods, substantial coordination is needed to orchestrate the 
movement of canoes and the greater number of participants. Using the live bait method 
is also complex, because the method used to catch the live bait, a leaf sweep, is not 
owned by those lineages owning the right to cast the baited hook.
Specific ownership of these different methods does not appear to cluster in any 
particular clan or settlement subgrouping nor does it seem to bring any tangible, 
cumulative advantage to the owner. This has been well argued by the Carriers (1983) 
for Ponam, leading them to claim that ownership of these methods is essentially 
“profitless property”. Although data collected on Andra are not sufficient to fully argue 
these points as the Carriers did, numerous anecdotal statements and observations 
suggest that it is equally true of Andra. In comparing the owned methods with the other 
21 named methods, it appears that the more complex a method, the more likely it is to 
be owned or controlled by fewer people. Implicit in this ownership may be the right to 
temporarily restrict fishing activities in those areas where use of the net methods is
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planned. Although never stated as an ownership right, descriptions of the more complex 
net methods indicated that they are used when suitable numbers of fish have been 
observed and that area should be left undisturbed until an outing is appropriate.
All five methods in the third grouping, that in which specific localities are owned for 
particular fishing methods, have equipment or artificial formations which remain 
stationary on the reef surface to function. Included are the three basket trap methods, 
the walled traps and the artificial rubble mounds. While this form of ownership gives 
holders exclusive rights to use a locale for one of these methods, they do not have 
unqualified rights to keep others from using the location to catch fish by other means or 
to gather available marine resources. The combined prerogatives associated with this 
ownership, however, begin to resemble the attributes of territorial jurisdictions. The 
clearest example is that of the submerged basket traps, in which the owner has 
temporary authority to restrict all access to his locale once the basket is in place and for 
the duration of its use. Positions being actively used are marked by carved, personalized 
floats (Mitton 1979:28) and an owner seeing someone heading towards a submerged 
basket would beat a distinct warning on a slit-drum. At this time, others should not 
canoe over or near the location, use spears in the immediate area or organize fish drives 
in the vicinity.
Basket trap locations, as with the walled traps, are widely held, with most lineages or 
clans owning several, but not necessarily adjoining, areas. These jurisdictions apparently 
divide the leeward half of the reef flat and portions of the leeward reef margin into a 
continuous series of adjoining blocks defined by topographic formations or other 
features of the reef surface. People without basket trap locations were said to be people 
without “salt water”. Not all lineages with locations, however, hold rights to make the 
basket traps, which are restricted to an unspecified number of lineages. Ownership of 
artificial mound locations is often linked geographically with that of the walled traps. If 
an individual owns several walled traps, his place to construct artificial mounds is usually 
directly to the south of the trap “legs” in the moated subzone. Based on a limited 
number of examples, the juxtaposition of owned locales appears to occur quite 
frequently, as does the grouping of locales owned by members of the same clan. These 
loose groupings may, however, indicate that some clans or lineages tend to have a 
greater number of interests in particular parts of the reef without these interests ever 
taking the form of full territorial rights or control.
The final form of specialized ownership, that which gives specific lineages exclusionary 
rights to certain fish or octopus under particular circumstances, is not easily categorized. 
Informant examples depicted an idiosyncratic array of possibilities which, in total, may 
not approach the complexity of rights that once existed. Few are apparently exercised 
today. Most examples suggest that jurisdiction could be exercised only in designated 
areas or when a certain series of events occurred. For example, one lineage has the 
rights to catch octopus along the southern half of the reef but only when it announces 
the restriction and specifies the duration of the prohibition. Another lineage has sole 
rights to catch schools of certain large fish when they come onto the reef flat. When a 
school of kali-su, the Carangidae Sehr boops, enters the reef through a particular 
passage, then one lineage has exclusive rights to catch the fish within a prescribed 
configuration of paired frame nets {hu).
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Labor Requirements
Labor required to perform the 28 fishing methods falls easily into three categories, 
although informants themselves did not propose these groupings (Tables 19 and 20). 
Distinctions are made, firstly, by the number of people physically needed to operate the 
prescribed procedures and, secondly, by the distribution of catch among participants. In 
the simplest category are the 13 methods which can be performed by a single individual 
and, if a canoe is needed, those which depend on no more than a small fishing canoe 
(Table 20). Included are all hook and line methods occurring within or along the reef 
flat; most methods used within the exposed aligned coral subzone; spear fishing, and the 
smallest basket trap submerged on the reef flat. When using the hand-held net and 
basket methods on the aligned coral subzone, individuals often work in small groups that 
concentrate in one area before going on to the next but, in all cases, the fish caught are 
kept by each individual instead of being combined. If groups of two or three people 
share a canoe when using the reef hook and line method, fish will again be kept by the 
catcher or, as participants are often related, they will share the meal in which the catch is 
served. In all these methods the catch is primarily destined for household consumption 
or to maintain routine small-scale trade and exchange obligations.
In the second category, the nine fishing methods (Table 20) need a group of individuals 
to maneuver equipment or larger canoes, but this labor is usually available within a 
single lineage or clan. Included are the smaller barrier nets, the larger basket traps, 
harpooning, trolling, shark fishing and shifting rubble in the artificial mound.
Participants being of the same lineage or clan, much of the catch will be shared through 
household meals or, if the catch is distributed, it is not done formally in a displayed 
count. Fish drives are also within this grouping, although members of different lineages 
or clans frequently join to drive fish towards the center of the formed circle. Informants 
stressed, however, that each participant in the drive keeps the fish which he or she has 
speared and that the catch of a single outing is never combined.
The third and most complex category groups the six methods (Table 20) whose use calls 
for some level of coordination among different lineages or clans, principally led by the 
method owner or the initiator of the planned outing. Informants clearly distinguished 
between methods requiring a formal distribution of the catch and those which did not. 
For the three barrier nets, those most often used in preparation for a ceremonial 
exchange or feast, a formal distribution is required Distribution of catch after use of the 
two frame net methods depends on the scale of the effort and becomes mandatory if nets 
or canoes from any other lineages are involved. The live bait method calls for a 
formalized distribution because the owners are dependent on those who caught the bait 
fish. Informant descriptions of a formal distribution clearly resemble that observed and 
described by the Carriers on Ponam (1983). The fish are counted publicly and placed in 
discrete piles proportionate to the recipients’ contribution to the effort. At least some 
fish, particularly ones of value, have to be put aside for the in-laws of the owner or 
organizer whether the in-laws participated or not.
Gender Distinctions
Gender differences in the use of particular methods are clear, although some distinctions 
are ones of dominance or probable participation instead of strict exclusion (Table 19 and 
20). Methods in which women participate, be it exclusively, independently or in
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conjunction with men, all take place within the reef flat or margins; they can all be 
practiced individually or in small groups; none involves a formalized distribution of the 
catch; and most contribute directly to household meals or routine exchanges. Women’s 
efforts also tend to concentrate in the aligned coral subzone and the windward reef crest, 
where five of the eight methods used by them take place. In many respects this 
essentially extends their role as the primary gatherers of reef resources, which include 
edible marine shells, octopus, sea anemone, branch coral for lime manufacture and 
driftwood for fuel. Informants also depicted gender roles as being more consistently and 
rigidly defined in the past, compared with recent trends in which women participate in a 
broader range of activities8. A reason given for this trend was that women already used 
many of the methods which have benefited most from the introduction of modern 
materials or equipment and whose use has increased proportionately. These include 
casting on the reef flat with metal hooks and those reef flat activities that incorporate 
metal spears, spear guns and goggles.
Methods restricted to men, or clearly dominated by them, are those taking place along 
the reef slope or beyond in deeper waters; all those needing a coordinated effort among 
lineages; and any requiring a formal distribution of catch. This essentially gives men 
dominance over all the major barrier and frame net methods, the basket traps and most 
hook and line methods. Within this range of methods are those more overtly described 
as having a stronger ritual component and those capable of catching large numbers of 
fish which are suitable for the more prestigious exchanges or feasts. Exceptions to this 
generalization are the participation of women in the frame net methods and in shark 
fishing. Women and children help drive fish towards the frame nets but take home only 
the fish they catch themselves during the drive, such as those which hide in sand pockets 
or in coral formations. They are not included in the formal counting and distribution of 
fish caught by the nets. Some women claimed that they accompanied men during shark 
fishing, a claim supported by their vivid descriptions of catching other fish around the 
logs or debris, but most men dismissed this participation as a recent or infrequent 
occurrence.
Ritual and Beliefs
Most of the rituals and beliefs that influence fishing involve set procedures, protocol or 
prohibitions that informants believed would raise the likelihood of successful catches. 
Informants gave only fragmentary examples of these beliefs, because many are no longer 
followed or they were dismissed briefly as something of the past. These examples 
cannot characterize beliefs or practices that were applied to each fishing method nor can 
they define how beliefs varied among methods, but they are sufficient to allow for 
discussion of the general spectrum of activities involved.
Q
Andra informants give a different impression of women's activities during periods of warfare from 
that recorded by Carrier on Ponam (1982:911). On Andra. conflicts with neighboring groups did not 
prevent women from fishing on the reef flat or from traveling to trade or participate in exchanges, 
although such activities were done with more caution and in the company of men. On the reef flat each 
individual would go about her or his own particular tasks and, if daylight or moonlight were adequate, 
visibility across the open reef and sea allowed ample time to flee or prepare for approaching and 
potentially hostile parties. A number of stories tell of women being kidnapped from the reef, indicating 
that work there continued despite possible risks.
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Protocol and prohibitions could encompass: construction of fishing equipment; 
preparation of equipment or required materials before the event; the manner in which the 
fishing party departs the island; actual use of a method; celebrations marking the 
initiation of new equipment or disposal of old equipment. In general, the more complex 
methods, or those with potentially prestigious catches, tend to have greater numbers of 
prescribed procedures, although elements of these more elaborate processes are 
reflected in the simpler, more routinely used methods. There is no apparent association 
between the complexity or severity of these rituals and personal risk. Observances for 
methods used on the reef are as complex and stringent as those applied to methods in 
deeper waters9. Some prohibitions resemble those important to gardening on Baluan in 
that they emphasize noise, bright colors, shiny objects and smells as being potentially 
detrimental. Spears could not be used in the walled traps because the smell of blood 
could warn fish of impending danger; shiny objects were not worn during shark fishing; 
and when fish poison was used, the body had to be completely free o f the smell of the 
stupefying fluid.
Beliefs and fears led many individuals to avoid certain areas of the reef and deep waters 
despite their right to fish or gather marine resources there. Fear arose mainly from 
negative associations between particular places and death or misfortune, especially if the 
event involved a relative. Potentially malevolent or supernatural powers were also 
thought to reside in particular formations and were avoided. Most examples were 
cryptically mentioned or implied, making it difficult to characterize them beyond 
recognizing their potential influence. Based on these impressions, it was difficult to 
determine the distribution of avoided areas, but they seemed to vary widely among 
lineages and individuals and probably did not, collectively, lead to any areas being 
distinctly underutilized.
Role and Contribution of the Walled Traps
The role and relative contribution of the walled traps is best summarized, firstly, within 
the group of methods with which they share the greatest environmental and social 
affinities; and secondly, by contrast with those methods from which they differ the most.
The walled traps group most strongly with the five methods which exploit the drained or 
partially exposed windward half of the reef flat. These are the rubble mounds, the two 
scoop net methods, the hand-held conical basket and fish poison. Environmentally, all 
make use of what is considered the less productive portion of the reef flat and, to 
varying degrees, all rely on the level and timing of the tides. Their effectiveness and the 
number of days they can be used will therefore vary within the annual progression of the
Examples best illustrates these beliefs. To sew new barrier nets to catch turtle, one of the most 
elaborate methods and one with the most stringent protocol, men gathered in the men's house of the 
method owner for two consecutive nights, each side of the paired net being completed in a single night. 
Men with pregnant wives could not participate and the entire settlement was cleared during both nights 
to ensure complete silence. While using these nets, participants could take supplies only from their own 
baskets or risk becoming tangled in the nets at the critical moment of capturing the live turtles. If use 
of a new' net were successful, then the event w as celebrated with prescribed singing and dancing. In 
shark fishing, no rubbish could be sw ept off the north shore of the island before the canoes sailed north, 
because debris might warn sharks of the impending expedition. When the men were leaving, the 
settlement was cleared to assure silence and an unobserved departure. The barrier nets were hidden 
along the south shore of the island immediately before their use to expedite a rapid and unw itnessed 
departure.
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bi-weekly tidal cycles and during different years. Weather conditions are less significant 
because the exposed reef margins afford some protection and access does not require 
crossing strong currents or high seas. The productivity of all these methods is 
susceptible to adverse, as well as beneficial, changes in reef circumstances caused by 
encroaching deposits of rubble or sediments; by conditions raising and lowering 
localized water levels during low tides; and by the health of small-stature coral 
communities in the aligned coral subzone.
Socially, these methods primarily provide fish for daily household consumption and the 
routine maintenance of lineage trade and exchange networks. They are all practiced by 
individuals or small groups and require neither coordinated effort beyond the immediate 
residential group nor a formal distribution of the catch. When combined, they represent 
the methods with the highest level of participation by women. With the exception of the 
walled traps and rubble mounds for which locations are owned for these purposes, no 
ownership restrictions apply other than those associated with the major territorial 
division. Rituals involve individual participants adhering to protocol and prohibitions 
which do not impinge on the activities of non-participants. Overall, labor required to 
make the needed equipment, to construct the artificial rubble formations (mounds and 
walls) and to use any of these methods is relatively low. All materials used to construct 
the nets or baskets must be obtained through exchange from the main island but, 
because of their small size, they require less material and maintenance time than other 
devices. The level of expertise necessary is also relatively low because fish remain in 
confined positions or are comparatively passive.
In two important respects, however, the walled traps do not conform with the 
generalized attributes of the five other methods. Firstly, the traps have the distinct 
advantage of catching, potentially, large numbers of fish. While the cumulative numbers 
of fish caught by the other methods can be considerable, several locales must be worked 
sequentially to reach these numbers. Secondly, the walled traps operate in the most 
restricted annual and bi-weekly time-frame of all the methods, a circumstance which 
suggests that this timing and limited use could have compensated for the environmental 
restrictions of other methods. What appears probable is that the walled traps make the 
most of advantageous tidal conditions that have two potential benefits: they occur 
during the second half of the southeasterly trade wind season which is portrayed as 
being less productive for fishing overall; and they are most effective along the windward 
edge of what is considered a less productive part of the reef flat.
Providing the greatest contrast to the set of methods with which the walled traps have 
been grouped are the frame and barrier net methods used primarily within the leeward 
half of the reef flat and along the leeward reef margin in particular. They comprise the 
medium-mesh frame net (hu) when used in multiple pairs and the three large barrier nets 
(lau, chuweai and kapet). Less narrow tidal restrictions and uneven topography allow 
greater latitude in their use, although weather conditions, particularly strong currents 
and turbulent waters, can interfere with their effectiveness. They are equally susceptible 
to changes in the reef flat, including reduced depths of drainage channels or inundation 
of coral colonies due to shifting sand sheets. Other factors, such as observing suitable 
numbers of fish or turtles in particular areas, are significant in determining where and 
when the nets will be used.
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The most significant social contribution of these nets is to ceremonial exchanges and 
feasts at all levels. These include those conducted to mark marriages and deaths at the 
lineage or clan level, comparable feasts undertaken by long-standing trading partners on 
the Manus mainland and those organized to support the status of village leader or lapan. 
Harpoons and live bait casting are the only other fishing methods deliberately used for 
these purposes. The most restrictive ownership rights apply to these methods, including 
those giving nearly exclusive control over method use to relatively few, yet different, 
lineages. The consequences of making the required equipment and using these methods 
are much more far-reaching: the labor and equipment often need to be recruited from a 
number of lineages or clans; sufficient cordage to make and repair nets is obtained 
through repeated transactions with trade partners on the main Manus island; ritual 
requirements for net construction and use can lead to silencing or clearing settlements or 
shoreline departure areas; the movements of participants during use of the method must 
be coordinated; and the resulting catch always undergoes formal distribution. Clearly, 
labor requirements are high on all counts. Use and coordination of these methods are 
restricted to men, with the exception of the paired frame nets in which women and 
children help drive fish but are excluded from the formal distribution. Accompanying 
this need to coordinate numerous participants is a greater reliance on strategy, complex 
procedures and knowledge of variable patterns in fish movements within specific tidal or 
current regimes.
Aspects of two other types of methods complement, in different ways, the roles of the 
two groupings characterized above. These are casting of hook and line within the reef 
and the two submerged basket traps placed within the reef flat; both methods primarily 
serve the routine needs of the lineage and do not have the potential of catching large 
numbers of fish at a single time. Their relative advantages are fairly distinct: the hook 
and line method specified is probably the most versatile of all the methods and the basket 
traps provide a critical supplement. The hook and line method is not bound by tidal, 
gender or particular ownership restrictions nor is it tied to a specific reef zone. 
Individuals or small groups can practice the method any time, night or day, although it is 
particularly susceptible to adverse wind or current conditions. As regards the 
submerged basket traps left on the reef for three days and nights, they continue to 
collect fish despite adverse weather or social circumstances that curtail access to the reef 
for routine fishing and can be retrieved during a lull in the weather or other activities. 
Hook and line is probably the most frequently used method with the greatest potential 
use period, while the walled traps have the most limited use While the walled traps 
supplement the yields of the less productive season, the basket traps are an important 
supplement during the more productive, but more risky, season.
Chapter 8
Catch Composition and Potential Yields
As seen in other studies examining walled fish traps and intensification (Chapter 1), 
estimating yields for fishing methods and arguing their increase over time is difficult and 
generally addressed only in broad, qualitative terms. Ideally, average catch size and 
composition would be the truest measure of yields as this would accommodate the 
varying sizes and weights of fish and the unpredictability of many fishing methods.
Total productivity, the combined yields of all known fishing methods, should also be 
considered before increases can be truly assessed given the mobility of fish and their 
ability to be caught by multiple methods. It is within the context of total productivity 
that the contribution of the walled fish traps should be evaluated, not only in terms of 
their potentially having increased yields, but in terms of the particular advantages they 
brought to overall production. As quantifying such averages and estimates is nearly 
impossible, particularly over long periods, the following chapter explores an alternative 
measure of productivity by examining the relative number and diversity of fish taxa 
caught by the major fishing methods. These assessments are based on a compilation and 
analysis of 279 named fish which informants associated with major fishing methods and 
defined environments' This ‘surrogate’ measure of yields should, of course, be 
supplemented by more qualitative and highly generalized assessments such as potential 
catch size, predictability and frequency of method use.
In addition to characterizing expected catch and relative productivity, the compiled data 
allow several other questions to be addressed, most concerning the comparative 
advantages of the different fishing methods. Examining the attributes of fish behavior 
and feeding preferences can imply the susceptibility of certain fish to particular methods 
and, therefore, the degree to which methods or equipment types specialized in particular 
fish groups or range of taxa High levels of specialization, sometimes considered an 
indicator of intensification, could also suggest that some methods developed to 
complement the expected catches of other methods. The data also provide a means of 
measuring the relative productivity of the different marine environments which, in turn, 
could imply that certain equipment types diversified to target particularly productive 
environments. The data allow some assessment of how useful correlations are between 
fish taxa and habitats or behavioral traits in predicting how and where certain fish are 
likely to be caught: a high degree of unique associations would strengthen the 
effectiveness of predictions; while a high incidence of overlapping associations weakens 
potential inferences. Finally, the analyses address an important archaeological issue. A 
major factor in analyzing fish remains, a common component of Pacific island middens, 
is how effectively fishing equipment and exploited environments can be inferred from 
these remains. The success of these interpretations depends, in large part, on 
establishing a degree of uniqueness in associations made between common taxonomic
1 This approach cannot directly address important variables such as abundance, nor can it be as specific 
as approaches recording the size and composition of sample catches from current fishing expeditions 
(Kirch and Dye 1979; Bayliss-Smith 1990) or estimating the distribution and relative abundance of fish 
taxa through various means of population census (Goldman and Talbot 1976; 134-139). It does, 
however, allow informants to generalize associations that are not observable because methods are 
abandoned or rarely used, or catch fluctuates with seasonal, tidal or long-term changes in reef 
conditions. Also, broad indicators may be influenced less significantly by changes in catch size and 
composition attributed to the adoption of modern fishing equipment.
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families and hypothesized fishing methods or past environments. This question is 
assessed by examining selected taxonomic families to determine how variable 
associations are within fish families: if associations are not diverse and are relatively 
consistent within a family, then inferring the method or environments used from 
archaeological faunal remains could be effective, as would characterizing expected catch 
from specific equipment types.
The need to reconstruct past productivity to address these questions, even in 
ethnographic circumstances, was evident in claims by older informants that they have 
witnessed a general decline in yields since their childhood. Repeatedly most estimated 
that it now takes three days to catch what could be gotten in one day in the past or, 
approximately, a two-thirds decline in expected yields. Some noted a marked decrease 
in catch over the last seven or eight years, which they attributed to over-fishing caused 
by the effectiveness of goggles, metal spears and spear guns. Most explanations for the 
decline reflect their general view of what makes fishing productive and emphasize the 
condition of coral colonies or aspects of fish behavior* 2. They saw natural, intentional or 
inadvertent destruction of live coral communities as the most detrimental, because corals 
support populations of smaller fish which, in turn, bring larger fish onto the reef. Fish 
themselves were said to be less active in the past and therefore easier to catch, a 
difference attributed to greater noise levels on the reef today and the growing frequency 
with which fish are pursued by spears and spear guns. Increased noise is traced to the 
use of motorized boats and a tendency for individuals to drive fish independently by 
hitting the water or canoe sides instead of participating in organized fish drives. This 
disruption has been extended into the night by use of battery torches and pressure lamps.
This chapter begins with a description of how data on the 279 fish taxa were collected 
and compiled. The discussion then focuses specifically on the fish taxa caught by the 
walled fish traps and aspects of fish behavior that could explain their effectiveness. This 
is followed by the results of analyses that compare the diversity of catch composition 
among the major fishing methods; that examine associations between fish taxa and 
marine environments; and that assess the degree of uniqueness in associations among 
fish, their environments and fishing methods. The chapter concludes with comment on 
the success of using the diversity of catch composition as an indicator of relative 
productivity.
Data Collection
Collecting information on specific taxa began with informants identifying fish by their 
Andra name from illustrations in Munro’s The Fishes o f New Guinea (1967) and a 
poster of common reef fish published by the Department of Primary Industry, Papua 
New Guinea (1985)3. Initial identifications were made by a man in his mid-fifties and his 
eldest son during two sessions in which they systematically named fish they recognized 
from Munro’s illustrations. Approximately a third of these names were verified by other
7
See Carrier (1982) for discussion of Ponam informants' explanations for declining catch. Andra 
informants were also more likely to explain declining catch in terms of fish behavior being adversely 
affected instead of considering an actual decline in fish numbers.
3 The taxonomy used in these analyses conforms with Munro except where that given on the poster 
clearly supersedes Munro or where family designations have been reclassified by Nelson's Fishes o f  the 
World (1976) and the recently published Fishes o f  the Great Barrier R eef and Coral Sea (Randall, 
Allen and Steene 1990).
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informants on a random basis and if unresolvable inconsistencies arose, names were 
removed from the final compilation. Informants showed no hesitation in recognizing 
illustrated depictions of fish, although they did not immediately remember the names of 
some uncommon or less valued fish. Some fish were recognized as being seen only 
rarely and having no name, while others bore names that have been forgotten.
Combining these probable omissions with the 330 recorded names, it seems reasonable 
to assume that at least 350 to 400 taxa were once named, numbers that coincide well 
with the range documented in other Pacific fishing communities (Kirch and Dye 1979; 
Dye 1983; Akimichi and Sauchomal 1982; Johannes 1981:125-126).
The final compilation on which the analyses and discussions are based was narrowed to 
279 entries after inedible taxa, those with insufficient associations or unresolved 
contradictions, were removed. If separate names were applied to the juvenile and adult 
form of a species, as happened in a few instances, then their associations were combined 
and listed only under the adult name. Of the 279 entries, 247 give an Andra name to an 
identified family, genus or species, while in 30 entries a named fish could not be 
identified taxonomically (Table 23). Most of these unidentified names were mentioned 
as informants described attributes of previously identified taxa. For smaller fish and 
those less frequently caught or valued a single Andra name often encompasses an entire 
family or multiple genera and species. These multiple taxonomic designations are listed 
under a single Andra name as a single entry and are considered a single taxon in the 
compilation and analyses. Informants sometimes gave a single Andra name to two 
taxonomically distinct species. Thus in 37 cases, these Andra names appear in two 
entries to reflect the taxonomic distinction. The following discussions broadly use the 
term “taxon” to refer to each of the 279 entries and thereby encompass these various 
groupings of identified taxa and named but unidentified fish.
Once recorded, the Andra names for these fish were alphabetized and informants were 
systematically asked to list which fishing methods, habitats and behavioral traits they 
associated with each named fish. During this process, informants sometimes specified 
that a certain fish was not caught by a particular methods. This information was also 
recorded because it could help identify by contrast the significant attributes of commonly 
caught taxa. This listing of negative associations, however, is less exhaustive than the 
positive because the question was not routinely asked during interviews. Questions 
were asked in several sittings, mostly with two or three older women. Throughout the 
course of questioning, however, the size and composition of the group making 
comments fluctuated around the core members and, at various times, both older and 
younger men were included.
In freely recalling associated fishing methods, informants tended to emphasize a number 
of methods as the most prominent. These included the small- and medium-mesh frame 
nets, the medium-mesh barrier net, the medium submerged basket trap, casting of hook 
and line on the reef flat, trolling, rubble mounds, walled fish traps, spears and fish drives, 
plus four other methods which they combined into two categories: the two drop line 
methods; and the two other submerged basket traps, small and large (referred to as 
“basket trap general” in the analysis). This indigenous evaluation is the basis of 
discussions concerning 12 fishing categories (incorporating 14 fishing methods). Only 
these 12 categories had a sufficient number of associations to be included in the
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analysis4. The other 14 methods were not routinely mentioned, although informants 
sometimes specified particular fish as being predominantly associated with these 
methods (Appendix F). In five instances the infrequently mentioned methods obviously 
target particular taxa or a relatively narrow range of fish. These include harpoons used 
to catch rays, turtles, sharks and dugongs; live bait casting which exploits schools of 
tuna, jacks or seabass; shark fishing; the barrier net for turtles (kapet); and the conical, 
hand-held women’s basket which targets damselfish and cardinalfish. A limited range of 
associated taxa may also explain why the two scoop-net methods, fish poison and the 
two nets used exclusively along the algal pavement, were not routinely mentioned. The 
range of taxa caught by the scoop nets and poison probably resembles that of the rubble 
mounds and spears which exploit comparable areas, while nets used along the algal 
pavement may be intercepting taxa similar to that in the walled traps. Omission of kite 
fishing and casting from the reef edge probably reflects their disappearance from 
common usage.
Environmental associations, or where fish were most frequently caught or found, 
generally conformed with the Andra terms for off-shore environments, reef zones and 
formations within these zones. In routine responses, however, only seven terms 
occurred repeatedly or in sufficient numbers to be analyzed. These include deep-sea 
habitats, the windward reef slope, the reef flat in general, the leeward reef margin, the 
leeward reef slope, patch reefs and the river mouths on the main Manus Island (Table 
16). Another three designations were created to include taxa whose distribution was 
apparently widespread (“general distribution”), those found throughout the reef flat 
(“reef flat total”) and, as a combined number, those associated with particular 
formations within the reef flat (“reef flat specific”). “General distribution” refers to 
highly mobile fish that “run all over” or those found in most habitats. “Reef flat total” 
combines those taxa associated with the reef flat in general and those linked with 
particular formations within the reef flat. This sum allows broad comparisons between 
reef flat environments and those of the reef slope or deeper water while retaining the 
initial distinction. The specific formations combined under the heading of “reef flat 
specific” include 70 instances in which fish were associated with sea grass communities, 
beach fronts, sand deposits, coral heads or cemented surfaces.
Behavioral traits repeatedly associated with different taxa reflect those which informants 
saw as important to fishing procedures or strategies. Major distinctions were made 
between fish that swim or hide when pursued; where they are most likely to hide; if they 
congregate often or only occasionally; if they sleep; or if they appear only at certain 
times instead of being present on a routine basis. For those that hide, informants 
frequently specified where they take shelter, distinguishing between hiding in sand 
deposits, in crevices or holes in cemented reef formations, among live coral growths or 
in a combination of these options. Some information on fish behavior and feeding
4 Despite my stressing that associations should reflect use of older methods and equipment types, 
inev itably the range of associations or the prominence of some taxa may reflect the effectiveness of 
introduced materials or equipment. This is particularly true of introduced hook types, which may allow 
a wider range of fish to be caught more readily and the use of goggles, which increases the effectiveness 
of spearing and fish drives. Some introductions were already becoming fairly common during the 
1920’s and 1930's and often informants could not recall how the range of taxa caught might have 
changed.
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preferences was also compiled from published summaries for the analyses (Lowe- 
McConnell 1987: 178; Randall, Allen and Steene 1990; Goldman and Talbot 1976)5.
The reliability of recorded associations or the extent to which they could be consistently 
duplicated probably varies with the category of fishing method, with the prominence of 
the association and among the variables of method, habitat and behavioral trait. The 
more reliable associations are those most familiar to informants, particularly those 
dealing with the more commonly used fishing categories or the most frequently caught 
taxa. When linking a single taxa with multiple categories or environments, informants 
either placed equal emphasis on multiple associations or indicated, sometimes subtly, 
that there were gradations between primary and secondary levels of importance. All the 
associations are given equal weight in the following analysis because most distinctions 
were not explicit enough to quantify consistently. Errors due to omission of secondary 
or less pronounced associations are probably the weakest aspects of the compilation and 
the one showing the greatest variability if informants were independently questioned 
twice. The overall validity of the data, however, is supported by internal consistencies 
that were apparent when the information collected alphabetically by vernacular name 
was sorted and arranged taxonomically. When the names of fish within a single family 
or genus began with different letters, information on them was recorded during different 
sessions or under variable circumstances within a single session. Once arranged 
taxonomically, however, most conformed well with that collected for related taxa.
Catch Size and Fish Caught within the Walled Traps
The productivity of the walled traps depends on two critical factors; the occurrence of 
appropriate tidal oscillations in the early mornings (Chapter 6) and having sufficient 
numbers of fish on the reef flat during these periods. Of the two, fish behavior is less 
predictable. Informants repeatedly characterized catch size, even in the more productive 
past, as varying greatly, with estimates of smaller but often routine catches ranging from 
nine to 20 fish of different kinds and sizes. Larger catches were dominated by schools 
whose combined numbers could reach several hundreds. The importance of fish 
behavior is illustrated by beliefs that recent declines in trap productivity stem from 
increased night fishing made possible by introduced fishing equipment such as pressure 
lamps, underwater torches and goggles6. Use of this equipment not only pre-empts fish 
before tides fall but frightens them from the reef while water levels are high enough for a 
safe escape. Among the different traps, those lying along known fish routes, mostly 
small or large drainage channels, are relatively more productive and most traps have
' Information derived from informants and published sources has advantages and limitations. That 
recorded from informants has the distinct advantage of being taxon-specific and reflecting habitat 
associations particular to the Andra reef. These behavioral traits, however, were often expressed as 
anecdotal depictions which were difficult to categorize and therefore impossible to use in comparing all 
taxa. The published literature on coral reef fishes better summarizes aspects of feeding and breeding 
biology at the family level but can be weak in addressing variability within families with diverse habits. 
Habitat associations in published references remain general because they summarize reefs and coastal 
waters that van dramatically. The influence of localized tidal or current regimes on fish behavior and 
distribution is poorly understood (Goldman and Talbot 1976:143), as is that caused by long-term and 
periodic predation by fishing communities.
b This point was illustrated one day when the women of Ponam filled the Lorengau town market with 
dried fish caught several days earlier in their walled traps. The Andra women immediately commented 
that Ponam traps were much more successful than theirs because night fishing with pressure lamps had, 
unlike on Andra. been prohibited on the Ponam reef.
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higher success rates near the beginning of the prime tidal series because more fish have 
gathered on the reef during the preceding days of low tidal oscillations.
The 58 named fishwhich informants associated with the walled traps are broadly 
representative of common coral reef taxa caught by communities throughout much of 
the tropical Pacific (Table 21). This list includes 49 identified taxa encompassing 12 
families, 22 genera, 47 species and seven instances in which multiple species were 
grouped under an identified genus (cf. Table 23). Another 11 unidentified fish, including 
two unidentified sharks, were also said to be caught. The 12 families comprise 
approximately 30% to 60% of the ones routinely identified in archaeological deposits of 
the region (e g. Allen 1986; Chikimori 1986; Green 1986, Masse 1986; Leach et al 
1988; Butler 1988). The goatfish (Mullidae), and the genus Parupeneus within this 
family were singled out as being particularly prominent in catches. The second and third 
most significant families in terms of numbers of taxa are rabbitfish (Siganidae) with 10 
members and parrotfish (Scaridae) with nine. The remainder represent a few (one to 
four) specified species within larger families which contain many identified taxa and 
smaller families in which most of the named taxa were found in the traps. The larger, 
more highly differentiated families include surgeonfish (Acanthuridae), trevallies or jacks 
(Carangidae), wrasses (Labridae), emperors (Lethrinidae) and snappers (Lutjanidae), 
while those families with fewer distinguished taxa include the drummers (Kyphosidae), 
breams (Nemipteridae), boxfish (Ostaciidae) and damselfish (Pomacentridae). Based on 
the known maximum lengths of species given by Randall, Allen and Steene (1990), the 
lengths of 22 frequently caught species range widely from 19cm to 170cm with the 
average being 50cm. Given this potential range, size of fish is unlikely to be a factor in 
trap development.
Based on the compilation of information from informants, three traits tend to 
characterize fish caught in the walled traps: they are widely distributed across reef 
environments; they are inclined to hide either in coral heads or reef cavities when 
pursued; and they form aggregations often or occasionally. Of the 58 fish associated 
with the walled traps, 58% were found in most zones and subzones of the reef flat and 
moved among these areas. The remaining taxa were even more broadly distributed, 
being associated with zones beyond the reef flat as well as on the reef. They show a 
fairly even preference for the reef flat itself (34%), the leeward reef margin and slope 
(23%) and the windward reef margin and slope (9%) (Table 31). Taxa associated with 
the sea grass areas or along the beach (18%) generally occur in these areas when young, 
but are more likely to be caught by the walled traps when mature. The inclination to 
hide in coral or solid reef formations when frightened was attributed to 62% of the taxa 
compared to 10% which do not hide and 2% which hide both in solid formations and 
sand (cf. Table 34). A more modest percentage, 36%, was depicted as forming groups 
at various times or routinely (cf. Table 34).
These characterizations do not, however, contrast markedly with those of fish which 
were explicitly said not to be caught in the traps. Most of these 23 taxa are also 
widespread (61%) or associated with a range of habitats, 26% frequenting the reef flat 
and 17% associated with the leeward reef margin. They also tend to hide in solid reef 
formations (48%) and can form aggregations, although at a lower percentage (26%).
The major differences are that slightly more taxa not caught in the traps are associated 
with deeper water (26% compared with 12%), fewer are found along the windward reef 
edge (4% compared with 12%); and more are likely to hide in sand (17% compared with
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none). The latter indirectly strengthens ties to the leeward half of the reef where sand 
deposits predominate. In comparing the five families which appear in both lists, no 
particular attributes consistently distinguish species that were caught in the traps.
Several tendencies are supported, however, by comparing the attributes of species 
caught with the general associations of the family as a whole. The fish caught are more 
likely to be widely distributed or favor the windward reef margin or slope, while the 
remaining taxa in these families are predominantly associated with the leeward side of 
the reef or the deep sea. Examining food preferences and whether fish are active during 
the day or night could help predict which fish are more likely to be in a position to leave 
the reef towards the windward side as tides fall in the morning. As a broad 
generalization, the taxa most frequently found in the traps are predominantly diurnal and 
are benthic herbivores, omnivores or carnivores who feed on algae, corals or various 
organisms (invertebrates, crustaceans, mollusks) found along the reef surface or in 
sediments. Half of the 12 families which have at least one member associated with the 
walled traps are primarily day feeders, while two are nocturnal and four show no specific 
tendency. As for feeding preferences, five of the 12 families are herbivores or 
omnivores, four tend to be carnivores which feed on larger benthic organisms and three 
are predators whose diet consists mainly of fish. The emphasis on reef-bottom feeders 
and daytime activity is stronger if the three most prominent families are considered The 
Scaridae and Siganidae are primarily herbaceous daytime feeders which sleep at night, 
while the Mullidae, which feed during the day and night, forage in sediments for 
crustaceans, worms and small mollusks. Most of the families, 10 of the 12, are 
described as exhibiting some tendency to form aggregations or groupings during 
spawning or feeding.
Again, many of these generalized traits also characterize families and species not caught 
in the walled traps, although a closer examination of these emphasizes some distinctions 
already mentioned and introduces others. The following assesses 12 families which 
were unlikely to be caught in the walled traps and for which informants recognize a high 
number of genera or species. Of these, four were specified as not being caught in the 
traps and eight were not associated with them in either a positive or negative manner. In 
terms of distribution, the most obvious and expected distinction is that fish usually found 
in the open ocean, along the lower reaches of the reef slopes, within the leeward side of 
the reef, or near river mouths are unlikely to be caught in the traps. Examples are the 
half-beaks (Hemiramiphidae), tuna (Scombridae) and barracuda (Sphyraenidae), which 
generally stay in deeper waters and, if entering the reef, are more likely to do so from 
the deeper channels along the leeward reef edge. Triggerfish (Balistidae) generally 
remain along the lower reaches of the windward reef slope and rarely came onto the reef 
flat. Mullet (Mugillidae) tend to inhabit areas near river mouths along the main Manus 
Island and only enter the reef flat occasionally from the leeward reef margin. A strong 
association with the leeward reef margin or slope is represented by batfish 
(Ephippididae) and grunts (Haemulidae), which move back and forth between the 
leeward reef slope and reef margin, and the moijarres (Gerreidae), which inhabit and 
hide in the sanded areas along the leeward reef margin.
The remaining four of the 12 families are strongly associated with the reef flat and 
explaining their absence from the traps focuses on three factors: some are nocturnal; 
some stay in relatively restricted areas because of habitat conditions or territories; and 
some tend to be distinctly solitary. The nocturnal feeders are illustrated by the
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cardinalfish (Apogonidae) and squirrelfish (Holocentridae), while the tendency toward 
solitary activities is found in members of the angelfish (Pomacanthidae), the squirrelfish 
and the seabass (Serranidae) families. Examples of those that remain relatively restricted 
in their movements are cardinalfish which stay close to branch coral colonies, squirrelfish 
which are depicted as staying near holes or crevices in solid reef or coral formations, 
angelfish which maintain distinct territories and at least some seabass which stay close to 
particular reef formations.
In summary, the primary factors influencing which fish are more likely to be caught in 
the traps are feeding and habitat preferences which bring them onto the reef flat.
Favored are benthic feeders7, particularly herbivores and omnivores, which tend to 
forage or graze along the surface of the reef flat, rather than those which are more likely 
to work surfaces of the reef slopes. The walled traps also appear to favor taxa with 
greater mobility and those reputed to be widely distributed. Essentially precluded are 
those with well-defined, localized habitat preferences and territorial behavior which 
reduce their movements within and beyond the reef. Fish with limited ranges may have 
localized alternatives to surviving a draining reef that do not entail leaving the reef. The 
direction in which fish are likely to leave the reef may imply a tendency to be caught in 
the walled traps. The association between fish not caught in the walled traps and the 
leeward reef slope is stronger than the correspondence between fish caught in the traps 
and an association with the windward reef flat.
The dominant diurnal activity pattern of fish frequently caught may contribute to traps 
being most productive when tides fall early in the morning. Most diurnal fish are 
relatively inactive, if not sleeping, at 4:00 or 5:00 in the morning and the premature 
disruption of this routine by falling tides could create circumstances in which they are 
more vulnerable. As a matter of speculation, this rude awakening could leave them 
disoriented and possibly less able to avoid danger because darkness can leave diurnal 
fish visually impaired (Lowe-McConnell 1987:187). Use of traps in the morning may 
also take advantage of what has been called the changeover period between daytime and 
nighttime activities on the reef (Goldman and Talbot 1976:141). This is the period of 
highest activity, because diurnal species become routinely active at dawn, while many 
nocturnal species remain active through the changeover period. Nocturnal fish are 
generally described as leaving their daytime sleeping places for feeding areas at dusk and 
returning at dawn (Lowe-McConnell 1987:187). This could imply that nocturnal 
species are not susceptible to capture because this timing runs counter to that of prime 
trap use. The traps are also more effective with fish that tend to take refuge in rubble or 
solid coral formations than those which swim from perceived danger. The heaped 
rubble of the trap walls may lull fish into a false sense of security, particularly in traps 
where ponding is prolonged. The tendency of many frequently caught taxa to form 
aggregations essentially raises the probability that successful catches will be substantial.
7
Benthic grazers and invertebrate feeders may actually be more abundant on the reef flat. In a survey 
of an Australian barrier reef, the proportional abundance of fish (by weight) in four major feeding types 
(plankton feeders, grazers, benthic invertebrate feeders and fish feeders) was compared over three 
morphological zones (windward slope, reef flat and leeward slope) (Goldman and Talbot 1976). Fish 
grouped as grazers and benthic invertebrate feeders dominated the reef flat, comprising 72% of fish 
sampled in that zone.
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Productivity of Major Fishing Methods and Environments 
Data Tabulation
Before discussing any generalizations that can be drawn from the compilation of 
identified fish taxa and their association with major fishing methods, habitats and 
behavioral traits, the 18 tables (Tables 23 through 41) presenting the extracted and 
summarized information need explanation, mostly because the discussion refers to 
several different tables concurrently. The first table (Table 23) provides a broad basis 
for comparing the number and diversity of fish taxa associated with the 12 major fishing 
categories and 10 environments by listing the number of taxonomic families, genera, 
species and unidentified taxa. In this, and in many of the other tables, the total number 
of taxa associated with all fishing methods or environments does not equal that of the 
total data set because many taxa are associated with multiple methods or environments. 
Table 24 gives an impression of the kinds of fish most frequently caught by the 12 
fishing categories at the family level and characterizes their general food preferences and 
whether they are active during the day or night. These characterizations are drawn very 
liberally, particularly for food preferences, from entries in Randall, Allen and Steene 
(1990) and discussions by Goldman and Talbot (1976) and Lowe-McConnell (1987)8. 
The loosely defined distinctions made between herbivores, omnivores and carnivores are 
intended to represent the predominant tendencies of the family. The category 
“omnivores/benthic feeders” includes those taxa which are predominantly bottom 
feeders, even if they feed primarily on organisms considered non-herbaceous. The 
category of carnivores is then left to represent species that prey on other fish more than 
on crustacean and mollusks. The number of families grouped accordingly is summarized 
by fishing category in Table 25.
In Tables 26 through 30, the data examine the degree to which taxa associated with a 
fishing category overlap other categories or form a relatively unique association. This is 
depicted first in a matrix showing the number of taxa shared by one category compared 
with other categories (Table 26). Comparing the frequency of these shared associations 
among the fishing categories is difficult because of the number of multiple associations 
and the variable number of taxa associated with the different categories. To provide 
some indication of the relative prominence of overlapping associations within each 
fishing category, the percentage of taxa shared between categories was calculated, 
firstly, against the total number of taxa associated with each category (Table 26) and, 
secondly, against the total number of shared associations for that category (Table 27). 
The first approach focuses on the distribution of fish taxa across the range of fishing 
categories, while the second is a better gauge of the relative distribution of associations 
over this range. In the second approach, percentages add to 100, while in the first they 
do not because many taxa are associated with more than one method. Also listed are the 
number of taxa associated exclusively with one category (Table 26). The degree to 
which expected catches overlap is clearer in Table 28 where, for each fishing category, 
those categories with shared taxa are ranked according to the percentage of shared taxa 
and associations. The two approaches to calculating percentage produce identical
8 These generalizations are by family because references generally depict feeding and activity patterns 
as tendencies of an entire family, reflecting, in part, how little is know n about many coral reef taxa or 
variability w ithin families.
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rankings, although percentages based on the total number of taxa are about or often 
above those based on the total number of associations.
For five fishing categories, informants noted with sufficient frequency that particular fish 
were not caught by that category. This allows the number and percentage of taxa not 
caught by a method to be compared with those fishing categories by which these taxa 
are caught (Tables 29 and 30). This more directly examines the degree to which the 
expected catch of one category could supplement the limitations of another. The 
relative prominence of these potential complements is ranked in Table 30 by percentage 
of the total number of taxa contrasted and the total number of contrasts.
Factors of fish distribution and behavior are examined in Tables 31 through 34. The 
number of taxa associated with fishing categories and environments is given in Tables 31 
and 32 and, again, percentages are calculated respectively by the total number of taxa 
associated with each category and by the number of times taxa are associated with 
specified environments. Environments are ranked by fishing category according to their 
relative prominence in Table 33. To avoid duplication, the sum of shared associations 
for each category excludes the distinction “reef flat total” in favor of the two sub-sets of 
“reef flat general” and “reef flat specific”. Table 34 compares those behavioral traits 
emphasized by informants with the fishing categories through the number of shared 
associations. Percentages are calculated only by the total number of taxa recorded for 
each category because the behavioral characterizations of these diverse traits are not as 
directly comparable as are the environmental designations. The five categories 
representing specific locales where fish are most likely to hide, and the two 
distinguishing between taxa which group often or only sometimes, are sub-sets of the 
general categories of fish that hide and group respectively.
Departing from the focus on fishing categories, the next four tables (Tables 35 to 38) 
question how closely or uniquely fish taxa can be linked to particular environments and 
whether broad habitat factors can effectively predict which fish are likely to be caught in 
a given environment. The taxonomic families associated with the major environments 
are listed in Table 35 and, as in Table 24, letters designate those which are nocturnal or 
diurnal and their generalized food preferences. The number of families sharing these 
traits is summarized by major environments in Table 36. The degree to which taxa are 
found in multiple habitats or are unique to an environment is shown in a matrix (Table 
37) listing the number of taxa associated with different environments. Percentages 
indicating relative prominence of shared and unique associations are calculated against 
the total number of taxa associated within each environment and then ranked for each 
environment in Table 38.
Variability within taxonomic families is illustrated in Tables 39 and 40, which indicate 
the association or specific non-association of a taxon with a fishing category and habitat 
respectively. Represented are the 20 families within which sufficient information was 
recorded on multiple taxa, most of which are frequently identified in archaeological 
faunal remains. Extracted from these tables, for each family, are the ratio of taxa to 
category and habitat, the number and percentage of taxa caught by one category only 
and the ratio of taxa not caught by a particular category (Table 41).
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Catch Composition and Productivity
Based on these various analyses, three distinct groups can be proposed to characterize 
the potential productivity of the 12 fishing categories. These groupings essentially 
distinguish categories associated with a high, medium and low number o f fish taxa and, 
as will be shown, these groups often correspond with distinctions based on other factors. 
These include degree to which expected catches overlap among fishing categories; the 
manner in which the potential composition of catches complement those of other 
categories; the relative uniqueness of associations; and the degree to which taxa caught 
by a fishing category correspond with the environments in which the category is used.
Fishing categories in the highest range of associated taxa (98 to 129) include the 
medium-mesh frame nets, hook and line used within the reef flat and fish drives (Table 
23). The distinctly lower range of 33 to 58 taxa defines five middle-ranking categories, 
which include the walled traps, the medium-mesh barrier net, general basket traps, the 
small-mesh frame net and spear. The final and lowest range, from 15 to 22 taxa, groups 
basket traps submerged on the patch reefs, the rubble mounds, trolling and the two 
dropline methods.
The three fishing categories with the highest number of associated taxa have a distinct 
tendency to overlap most frequently with each other and with a broad range of other 
categories (Tables 26-28); they have relatively low numbers of unique associations 
(Table 26); and they most frequently complement categories with restricted catches 
(Table 29). Particularly versatile is the medium-mesh frame net (hu) which ranks first in 
shared taxa for seven of the 11 other categories and second with two more (Table 28).
It also dominates rankings extracted to compare taxa not caught by a category with the 
category by which the taxa is caught (Table 30), indicating its role as a complement to a 
range of fishing categories. Taxa caught by the fish drive appear to form an equally 
broad assemblage, despite the lower number of associated taxa (Table 26). The fish 
drive ranks first in shared taxa for two of the 11 other fishing categories, second for six 
and third for one (Table 28), while in terms of being complementary to the four fishing 
categories with which it is compared in Table 30, it stands first in two and second in 
one. Despite being associated with a high number of taxa (Table 26), the reef hook and 
line method is the most restricted of the three and has fewer shared associations, 
primarily because some taxa do not take a hook and others are particularly susceptible 
to them. It has a slightly higher number of unique associations, 12% compared with 4% 
and 5% for the frame net and fish drive respectively, and has by far the highest number 
of incidences of specified negative associations (Tables 26-29). Despite this, use o f a 
hook within the reef ranks in the upper third of shared taxa in six of the 11 fishing 
categories with which it is compared (Table 28), which is considerably higher than any 
of the categories grouped as catching a medium range of taxa.
Refining distinctions among these three fishing categories based on catch composition is 
essentially obscured by the richness of the fish fauna associated with them and by the 
high incidence of overlapping taxa (Tables 23-24, 25-28). All three categories catch 
some of the most valued medium- to large-sized fish, such as surgeon fish 
(Acanthuridae), trevallies or jacks (Carangidae), triggerfish (Balistidae), wrasse 
(Laridae), emperor fish (Lethrinidae), snappers (Lutjanidae), goatfish (Mullidae) and 
seabass (Serranidae). In terms of overall productivity, however, the frame net and, to a
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lesser extent, fish drives have the advantage of catching large numbers of fish in a single 
outing, whereas the hook and line method produces a collection of individual catches.
Generalized tendencies shared by the five categories catching a medium range of taxa 
are less uniform than those in the high range. Those of the walled trap, medium-mesh 
barrier net and basket traps placed within the reef essentially resemble those of the 
higher-range fishing categories except in scale. These categories are associated with a 
broad range of taxa (Tables 23-24); they rank in the upper half of shared taxa in eight of 
the 11 fishing categories with which they are compared (Table 28); they share a 
relatively high number of taxa over the range of compared categories (Table 28); and 
they have a low percentage of unique associations (Table 26). The barrier net and 
walled traps have the advantage of bringing in large numbers of fish, while fewer fish 
can be accommodated by basket traps. The basket traps are also distinct in that no taxa 
are uniquely associated with them. The remaining two fishing categories, the small- 
mesh frame net and spears, have comparable numbers of associated taxa (Table 23), but 
the diversity of associated taxa is higher and composition more distinctive than the 
generalized catches described above. This is primarily evident in the percentage of 
unique taxa associated with these categories (Table 26); their association with a greater 
number of taxonomic family names that are absent or weakly associated with other 
categories (Table 24); and their generally low ranking or absence when shared 
associations are compared (Table 28) For the small-mesh frame net, the unique or 
strongly represented taxa are smaller fish such as anchovy, half-beaks and herrings 
(Engraulidae, Hemiramphidae and Clupeidae) that form schools in sea-grass 
communities along the foreshore or near river mouths. The range of fish more typically 
associated with spear fishing (Table 24) includes flounder, flyingfish, eel, sole, pufferfish 
and hawkfish (Bothidae, Exocoetidae, Peuronectidae, Soleidae, Tetraodontidae, 
Dactylopteridae and Cirrhitidae), most of which stay close to the floor of the reef.
Of the four fishing categories grouped as having a low range of associated taxa, all but 
one are used beyond the reef flat. Included are the dropline methods which occur along 
the windward reef slope, the basket trap submerged on the patch reefs and trolling in 
deep water. The exception, the rubble mound, is constructed in the windward half of 
the reef flat. The degree to which these fishing categories share taxa with other 
categories and the relative uniqueness of their associations vary considerably within this 
grouping (Tables 26-28). For example, dropline and trolling have the highest 
percentages of taxa not shared with other categories of fishing method (41% and 65% in 
Table 26) while those of the basket trap and rubble mound are absent or low. What all 
these categories have in common, however, is that the composition of their expected 
catches (Table 24) corresponds more specifically to the environments in which the 
categories are used than do categories with broader, more generalized catches. The taxa 
caught by trolling are those predominantly found in deeper waters, such as tuna, billfish, 
mackerel and barracuda (Table 26); those associated with the dropline and the medium­
sized basket are found mainly along the reef slopes or on patch reefs (Table 33); and 
those caught in the dismantled rubble mounds include two families, the squirrelfish and 
cardinalfish (Holocentridae and Apogonidae), which tend to inhabit relatively restricted 
areas or territories in reef flat formations (Table 24).
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Categories of Fishing Method and Fish Distribution
In comparing associations between the 12 fishing categories and environments, there is 
an expected tendency for fish to be associated with the environment in which the fishing 
category is used. The data also indicate, however, that many fish are widely distributed, 
being highly mobile and extending beyond their predominant range. Fishing categories 
which catch a broader range of taxa are most strongly associated with taxa having a 
widespread or generalized distribution and, secondarily, with those found throughout the 
reef flat or leeward reef margin (Table 31). This is particularly evident in Table 33 in 
which taxa of general distribution rank first or second in seven of the 12 fishing 
categories, with percentages ranging from 35 to 60. Taxa caught by the three categories 
associated with the broadest range of taxa (the medium-mesh frame net, casting a hook 
within the reef and fish drives) are associated with the widest range of environments and 
often share relatively high percentages of associations (Table 33). The medium-mesh 
barrier net, the basket traps placed within the reef and the walled trap have similar 
associations, although percentages drop more quickly across environments and exclude 
those taxa associated with river mouths (Table 33). As mentioned in the preceding 
paragraph, the more specialized fishing categories or those associated with a low 
number of taxa tend to catch fish associated with fewer environments, and their 
prominent associations more clearly reflect specific environments. Of all the categories, 
spear and rubble mound show the strongest correspondence with taxa specific to or 
strongly associated with reef flat and reef margin environments (Tables 31-33).
Other apparent tendencies are the extent to which fishing categories used on the reef 
also take deep water taxa and the slightly greater emphasis on leeward reef margin and 
slope taxa for these categories. In five of the nine categories used on the reef flat or 
margins, the percentage of taxa associated with deeper water ranges from 21 to 31 and 
deep sea associations rank between second and fifth among all associations (Table 33).
In the remaining four reef categories (rubble mound, walled traps, spear and fish drive), 
deep-sea associations are less prominent but still present. Conversely, taxa associated 
with the reef flat are well represented in off-reef categories, such as the basket trap 
placed on the patch reef, trolling and dropline methods. Supporting informant emphasis 
on the productivity of the leeward reef margin and the importance of passages for 
bringing fish onto the reef is the relative prominence of fish associated with the leeward 
reef margin in eight of the nine reef fishing categories (16% to 33% of associated taxa, 
Table 33), the exception being the small-mesh frame net. Although the numbers of 
associations are low, the four methods used exclusively or more frequently on the 
leeward half of the reef (medium-mesh frame net, barrier net, the reef basket traps and 
hook and line within the reef) are associated more strongly with the leeward reef slope 
taxa than with those of the windward reef slope (Tables 31-33). The other fishing 
categories, including those located on the windward half of the reef (walled trap and 
rubble mound), show a slight tendency towards taxa associated with the windward reef 
slope (Table 33).
Fishing Categories and Fish Behavior
Comparison of the behavioral traits of fish associated with the 12 fishing categories 
shows relatively few strong correlations and only weakly suggests why some taxa are 
more susceptible to capture by a particular category. At the family level, taxa associated 
with all categories are dominated by primarily diurnal fish (Table 25). Only in four
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categories do nocturnal families represent over 30% of the associations and in three of 
these Lethrinidae, Lutjanidae or Haemulidae are prominent. The dropline methods are 
probably effective in catching these taxa as they feed at night and the basket traps may 
appeal to these fish when they search for shelter during the day. The rubble mounds 
clearly rely on members of the Apogonidae and Holocentridae to seek refuge in them 
during the day after they have foraged at night. Comparing families grouped by 
generalized feeding preferences with the categories of method by which they are caught 
suggests that most categories catch fish with a broad range of feeding habits (Table 25). 
Although some show a slight tendency towards herbivores, omnivores or carnivores, 
fairly distinct inclinations are apparent in only four cases. Trolling is clearly associated 
with carnivorous fish predators which inhabit deeper waters, while the walled traps, 
rubble mounds and spears favor fish families that are omnivores or herbivores and forage 
or graze within the reef flat.
For those behavioral traits emphasized by informants, identifying trends in associations 
with categories of methods is often difficult because of the low number of associations 
for some of the traits (Table 25) and the predominant tendency of most fish to hide if 
pursued and, if they do hide, to take shelter in solid reef formations with holes and 
crevices (Table 34). Possibly more telling is the relatively high correspondence between 
fish forming aggregations and those caught by the netting methods, the large and small 
basket traps (= basket trap general), the walled traps and fish drives (Table 34). This 
correspondence raises the probability that catches by these methods are larger. The final 
two characteristics, fish depicted as sleeping and those which are not routinely present in 
fishing areas, indicate that spearing is the method likely to take advantage of passive fish 
as they sleep and that the small-mesh frame net catches fish which appear intermittently 
in schools (Table 34).
Environments and Fish Distribution
Characterization of taxa associated with different environments is hampered by the 
diversity of the fish communities (Table 35) and the high frequency of shared 
associations (Tables 37 and 38). The total reef flat shows the highest diversity of 
potentially available taxa (Tables 35, 36, 37) and is therefore the most productive if 
diversity equals relative productivity (43 families, 118 taxa). Even if the total reef flat 
taxa are divided into those found throughout the general reef flat and those most closely 
associated with specific reef areas, the numbers of families (Table 36) and of taxa (Table 
37) are still amongst the highest (28 families and 75 taxa for the general reef flat, 29 
families and 36 taxa for specific areas of it). Deep sea includes 29 families and 76 taxa, 
while the numbers of families/taxa for the leeward reef margin and generally distributed 
fish are 19/55 and 22/80 respectively. Appreciably both are the figures for families and 
taxa on the windward and leeward reef slopes and the patch reefs: 16/32, 10/26 and 
12/29. The least diverse environment is that of the river mouth: 9/17.
The degree to which these environments share taxa is substantial and mutual 
associations are relatively well dispersed among the compared environments, making it 
difficult to propose distinct patterns. In eight of the ten environments designated, 63% 
to 97% of the taxa are shared with at least one other environment (calculated from the 
“no shared habitat” column of Table 37). The only two with a relatively high percentage 
of unique associations are “general distribution” and “river mouths”. Taxa designated 
as being widely distributed (“general distribution”) are unlikely, by definition, to have
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multiple associations with specific environments, and most of the shared associations are 
secondary in importance (Tables 37 and 38). The most prominent environment in terms 
of shared associations, “deep sea”, ranks first in four habitats (65%, 44%, 43% and 
32%), second in one habitat (41%) and third in another (31%) (Table 38, omitting “no 
shared habitats” and “reef flat total”). While the overlap between taxa associated with 
the deep sea and the general reef flat is considerable (42% of the taxa found in deep sea, 
43% of those found on the general reef flat), that between specific reef habitats and the 
deep sea shows few similarities, with the percentages amounting to 7% and 8% (Table 
38). Distinctions made between deep water and reef taxa may thus be appropriate if 
they refer to taxa found within specific reef habitats or those with limited territories, but 
not if the comparison includes widespread reef taxa or a combined total of all taxa 
associated with the reef.
As with fishing categories, most environments have relatively moderate or low 
frequencies of exclusive taxa. For environments, those with moderate percentages of 
“no shared habitats” (Tables 37 and 38) comprise the deep sea (30%), the windward 
reef slope (37%) and specific areas within the reef flat (36%), while the general reef flat 
(17%), leeward reef margin (11%), leeward reef slope (8%) and patch reef (3%) are in 
the low range. The greatest degree of uniqueness is exhibited by the specific habitats of 
the reef flat in which “no shared habitats” ranks above all shared associations (Table 38).
A comparison of the diurnal or nocturnal activity patterns of fish families associated with 
the major environments shows the repeated dominance of diurnal fish but also the 
consistent presence of nocturnal fish, indicating no clear advantage to using areas during 
the day or the night (Table 36). If anything, the leeward slope, leeward reef margin and 
patch reefs have higher percentages of nocturnal fish due to the prominence of grunts, 
emperors and snappers (Haemulidae, Lethrinidae and Lutjanidae). For feeding 
preferences, there is a clear and expected dominance of carnivores along both reef 
slopes, on patch reefs and in deeper waters. Fish that are generally distributed or found 
in reef environments are broadly represented within the three feeding categories, with 
omnivores being favored.
Variability within Examples from 20 Taxonomic Families
Analysis of 20 taxonomic families in Tables 39-41 for intra-family consistencies of 
fishing categories and environments revealed a wide internal range to be represented in 
both respects. In seven families, associations between 12 fishing categories and taxa 
within each family are so dispersed, or have such high frequencies of shared categories, 
that no particular category of fishing method predominates. These families comprise 
surgeonfish, squirrelfish, goatfish, boxfish, angelfish, parrotfish and rabbitfish and there 
is a relatively high ratio (1.67 to 6.29) of taxa to category within each family (Table 41). 
Members of eight other families are so strongly associated with the three most 
prominent fishing categories (medium-mesh frame net, reef hook or line or fish drive) 
that it would be difficult to argue that taxa within these families were caught by one of 
the three categories. This grouping includes families consistently associated with all 
three fishing categories or a combination of any two. Families associated with all three 
categories are grunts, emperor fish, snappers and breams. Jacks and barracuda are 
predominantly caught by frame net and hook, while wrasses and leatherjacks are 
consistently associated with hook and line and fish drives. The five remaining fish 
families indicate some level of specialized association through a pronounced, although
Catch Composition and Potential Yields 387
rarely exclusive, association with one of three hook and line methods or the two frame 
nets. Particular associations with the hook and line methods include that between 
triggerfish and the dropline methods, between tuna and trolling and between seabass and 
hook and line within the reef. Half-beaks are primarily caught by the small-mesh frame 
net, while mullet are exclusively associated with the medium-mesh frame net. An 
indication of some degree of specialization is the considerably lower ratios of taxa to 
fishing category in this group (1.0 to 2.14) and, more noticeably, the higher percentage 
of taxa caught by one category (44% to 100%) (Table 41).
Set out in Table 39 are families specified as not caught by particular categories of 
methods which, in making inferences, at least narrows potential options. The most 
prominent are families which either exclusively or predominantly do not take hooks. 
These families include surgeonfish, goatfish, mullet, boxfish, parrotfish and rabbitfish. 
Mullet and boxfish were depicted as not being caught during fish drives. Examples also 
indicate that negative and positive associations can vary within families for the same 
fishing category. In the case of nine families, inferring a positive association with a 
particular fishing category at the family level could be misleading, although it is possible 
to propose the likelihood of a particular category based on the dominance of either 
positive or negative associations. The families in question are surgeonfish, jacks, half­
beaks, squirrelfish, wrasses, emperor fish, mullet, parrotfish and rabbitfish. Although 
multiple associations occur most frequently within the major hook and line methods, 
they are also repeatedly present for the medium-mesh frame net, baskets submerged on 
the reef flat, walled traps and fish drives. As cautioned earlier, informants were not 
routinely asked which taxa were not caught by particular methods, so this information is 
not as reliable or as consistent as positive associations. Variations within the families 
discussed could therefore be much greater than indicated and may also apply to other 
families not included in this analysis.
Attempts to characterize any correspondence between taxa within the selected families 
and the nine major environments are equally dominated by multiple associations and the 
generalized distribution of many taxa (Tables 40 and 41). Of the 20 families, 11 are 
composed of taxa sufficiently associated with multiple and dispersed habitats that they 
elude being specifically linked to a habitat or set of closely related habitats. In another 
five families specific associations are lacking because they are dominated by taxa 
depicted as having a widespread distribution. Families with dispersed associations 
comprise surgeonfish, jacks, half-beaks, wrasses, emperor fish, snappers, mullet, bream, 
seabass, rabbitfish and barracuda, while those dominated by generalized distributions are 
goatfish, boxfish, angelfish, parrotfish and leatherjacks. The remaining four families are 
primarily associated with one environment or show a distinct and consistent 
correspondence to closely related habitats. This includes the strong association between 
triggerfish and the windward reef slope; grunts and the leeward slope; leeward reef 
margin and deep waters; squirrelfish and the reef flat and leeward reef margin; and tuna 
and deep sea. As was seen with the fishing categories, degrees of specific 
correspondence are higher in environments beyond the reef flat. If there is an apparent 
tendency, then taxa with multiple defined habitat associations are more likely to be 
caught by the three major fishing methods (medium-mesh frame net, reef hook and line 
and fish drive), while those with generalized distributions are more frequently associated 
with multiple fishing categories.
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Concluding Remarks
Given the high degree of fish taxa shared among the different fishing methods, methods 
could only be grouped broadly into three categories based on the number and diversity 
of taxa caught. While this approach does not provide a precise measure of relative 
yields, it does highlight the productive advantages of methods capable of securing 
diverse catches. Quite simply, the high number and diversity of potential catches raises 
the probability of some success in any given opportunity, an important factor given the 
mobility of fish and their often unpredictable behavior. Diversity also increases the 
chances that fish caught will be of favorable size, weight or taste. All three of the 
methods grouped as having the highest diversity of potential catch (the medium-mesh 
frame nets, hook and line used on the reef and fish drives) have other distinct productive 
advantages suggesting that diversity of potential catch may correspond to a relatively 
high contribution to total productivity. For example, their use was not restricted by 
infrequent tidal conditions and they could be used over major portions of the reef flat. 
The hook and line methods were particularly flexible in this regard. The nets and fish 
drives were capable of bringing in large catches because both used numbers of people to 
drive fish, which allows some control over fish behavior and distribution. Beyond these 
generalizations, however, the high degree of shared taxa and the low incidence of unique 
associations emphasize the importance of considering fishing productivity in its totality 
because, very clearly, fish not caught by one method do contribute to yields produced by 
other methods and can do so without necessarily increasing production as a whole. The 
limitations of focusing on the kinds of fish caught strengthen the significance of other 
factors, particularly a method’s ability to catch large numbers of fish, the flexibility and 
frequency of use, the predictability of success and the degree to which a method can 
control fish behavior.
For the walled traps, the exercise also accentuates the productive advantages of this 
fishing method more than it refines a definition of yields. As the fish most likely caught 
are generalized reef grazers and bottom feeders that are widely distributed throughout 
the reef environments, the wall traps were clearly not established or expanded to target 
any particular fish or groups of fish. Instead the traps are positioned to take advantage 
of circumstances in which these reef fish, particularly those active during the day, are 
forced to leave the reef in the dark or at dawn as the tide falls. The advantages of the 
traps in terms of catching a moderately high diversity of fish and doing so in large 
numbers, is clear when comparing this potential with that of four fishing methods (the 
two scoop nets, the rubble mounds, the hand-held conical basket and fish poison) with 
which the traps are grouped based on location, tidal constraints, contribution of catch to 
household subsistence, labor requirements and gender participation (Chapter 7). Of 
these, only the walled traps have the potential of catching a large number and diverse 
range of fish while being located in a relatively marginal section of the reef and operating 
during a relatively unproductive season. To some degree, the walled traps combine the 
advantages of catch sizes that are comparable to methods used in the leeward reef flat 
with an ability to effectively catch taxa associated with more specific environments (e g., 
“reef flat specific”), including a relatively higher percentage of taxa considered 
herbivores (Tables 26, 27, 35, 40).
These advantages do not, however, compensate for the limited number of days in which 
the walled traps were productive nor variable effectiveness in different years (Chapter 
6). Given these factors, the contribution of the walled traps to total yields is relatively
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low. If potential yields are assessed in terms of labor requirements, the resulting ratios 
are low or fairly even. This assumes that yields, hypothetically, represent an average of 
potentially large catches, and the more routine catches of nine to 20 fish, and that labor 
considers both the time needed to construct the walled traps and retrieve the catch. The 
numbers of hours spent constructing the walled traps, even if estimated conservatively, 
is only a fourth of the average number of hours that the traps are productive (Chapter 
6). Estimating retrieval time, however, depends on catch size. Routine catches would 
only raise total labor requirements to approximately half that in which the traps are 
potentially productive while large catches could double or triple the time needed and 
therefore exceed use frequency. If labor is measured against number of fish as opposed 
to frequency of use, the ratios are very low for the effort when catches are substantial 
and only moderately high when catches are routine. By all means of comparison the 
labor requirements for the opportunity of large catches and modest routine returns were 
not great nor burdensome.
Assessing the productivity of marine environments by the number and diversity of 
associated fish taxa appears to under-represent the acclaimed productivity of the 
leeward reef margin and obscures other indications that the leeward half of the reef is 
generally more productive than the windward flat which dries extensively. Informants 
not only describe the relative richness of the leeward reef margin9, but the intensity of its 
use is clearly shown by the numerous place names that mark important routes favored by 
fish along drainage channels, locations for submerged baskets or areas to work frame or 
barrier nets (Figs 60 and 62). In contrast, place names on the windward reef crest and 
flat designate broader areas. The windward reef flat, however, appears to provide a 
slightly more favorable habitat for major mollusks like Trochus sp., Turbo chrysostomus, 
some Strombidae and Cypraeidae, which were important supplements when poor 
weather prevented fishing.
Inferring which fish are caught by which methods or gear is inhibited by three factors: 
the richness of the fish communities; the widespread distribution of many taxa; and the 
tendency of even those with relatively strong ties to broad environments to be caught 
beyond these environments. The issue is further complicated by the fact that the highest 
number of fishing methods, and the most diverse in terms of gear or procedures, is used 
where fish distributions are not highly differentiated. In the case of Andra, the 
distribution of fishing methods or groups of methods corresponds much more closely 
with reef zonation than do the fish they are likely to catch, indicating that the diversity of 
reef-oriented fishing methods were not shaped to expected catch. Use of specialized 
equipment or procedures occurring within the reef flat did not adapt to the diversity or 
composition of environmentally well-differentiated fish communities, nor did the various 
methods develop to complement relatively restricted catches of others. Instead, the 
diverse fishing methods are used to take advantage of reef conditions, tidal patterns, 
competing ownership rights and opportunities to catch large numbers of fish.
The results presented above do not bode well for attempts to reconstruct past fishing 
practices through faunal analysis, particularly for those hoping to improve 
interpretations by refining their ability to identify fishbones to the generic or specific
9 The richness of the leeward reef margin may be, in part, attributed to its topography as well as to the 
live coral colonies. The distribution of some reef fish may reflect the need to stay near shelter to evade 
predation (Goldman and Talbot 1976:139).
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level instead of that of the family (Masse 1986; Anderson 1986:xi; Colley 1990). Again, 
community richness, the low incidence of unique associations and the high frequencies 
of taxa shared by major fishing methods and environments, particularly at the family 
level (Tables 22-24), all compound the problem. These results support observations that 
“highly specialized” fishing strategies are probably more productive in temperate regions 
than in the tropics (Anderson 1986:ix). While some of the generalities and tendencies 
evident in the preceding analyses could be useful in specific interpretations, the clearest 
differentiations essentially conform with the already applied and broadly-defined 
distinction between off-shore or pelagic fish and in-shore, reef taxa (Kirch and Dye 
1979; Kirch 1982b; Dye 1983; Allen 1986; Green 1986; Masse 1986). Given the higher 
correspondence between fishing method and reef zonation on the Andra reef, the 
strongest basis for inferring method and equipment use may be understanding their 
suitability within available reef environments. Such interpretations must, however, 
consider a high degree of short and long term changes in these reef environments.
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Table 23 Number o f Fish Families, Genera, Species and Unidentified Taxa Associated 
with Major Fishing Categories, Environments and Selected Behavioral Traits
Fam ilies G enera Species U n id en tified
To ta l 
N um ber  
o f Taxa
Tota l Data Set 65 153 249 30 279
F ra m e  N e t (m e d iu m  m esh ) 32 67 118 11 129
F ra m e  N e t (s m a ll m e sh ) 14 14 29 4 33
B a rr ie r  N e t (m e d iu m  m esh ) 11 23 36 6 42
S u b m e rg e d  B a s k e t (g e n e ra l) 11 17 36 6 42
S u b m e rg e d  B a s k e t (m e d iu m ) 6 9 12 3 15
H o o k  and  L in e  (g e n e ra l) 31 62 102 12 114
H o o k  and  L in e  ( tro llin g ) 7 14 16 1 17
H o o k  and  L in e  (d ro p  line ) 9 20 22 0 22
R u b b le  M o u n d 5 10 13 2 15
W a lle d  T ra p 12 22 47 11 58
S p e a r 23 21 33 0 33
F ish  D riv e s 20 46 93 5 98
G e n e ra l D is tr ib u tio n 22 45 45 5 50
D e e p  S ea 29 46 69 7 76
W in d w a rd  R e e f S lo p e 16 27 31 1 32
R e e f F la t (to ta l) 43 71 117 5 122
R e e f F la t (g e n e ra l) 28 44 69 5 74
R e e f F la t (s p e c if ic ) 29 48 68 1 69
L e e w a rd  R e e f M a rg in 19 30 51 4 55
L e e w a rd  R e e f S lo p e 10 15 24 2 26
P a tch  R e e f 12 20 25 4 29
R iv e r  M o u th 9 8 15 2 17
S w im s  i f  P u rsu e d 18 26 41 41
H id e s  if  P u rs u e d 22 49 90 7 97
O c c u rs  in G ro u p s 22 30 58 3 61
S le e p s 11 10 16 1 17
C o m e s  a t T im e s 6 8 11 11
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Table 24 Taxonomic Families Associated with Major Fishing Categories and 
Generalized Feeding and Behavioral Traits
D=diurnal H=herbivores
N=nocturnal O=omnivores/benthic feeders
* = association emphasized C=carnivores/predators on fish
Frame Net (m edium ) Barrier net (medium)
ACANTHURIDAE D H ACANTHURIDAE * D H
BALISTIDAE D O/H CARANGIDAE D C/O
BELONIDAE HAEMULIDAE N C
CARANG IDAE * D C/O LABRIDAE D O
CARAPIDAE LETHRINIDAE N C/O
CENTRO PO M IDAE LUTJANIDAE N c / o
CLUPEIDAE O/H MOBULIDAE H
DASYATIDAE 0 MULLIDAE O
DIO DO NTIDAE * N 0 POMACANTHIDAE D H
EPHIPPIDIDAE O/H SCARIDAE * D H
FISTULARIIDAE O/C SIGANIDAE D H
GERRE1DAE 0
HAEM ULIDAE N C Basket Trap (general)
HEM IRAM PHIDAE 0 ACANTHURIDAE D H
LABRIDAE D 0 CARANGIDAE D C/O
LEIO G NATHIDAE CHAETODONTIDAE D H
LETHRINIDAE N C/O HAEMULIDAE N C
LUTJANIDAE * N C/O HOLOCENTRIDAE N 0
M OBULIDAE H LABRIDAE D O
M UG ILIDAE * H/O LETHRINIDAE N C/O
MULLIDAE 0 LUTJANIDAE N c / o
NEM IPTERIDAE D 0 MULLIDAE o
OPHIDI1DAE N O/C SCARIDAE D H
O STRACIIDAE O SIGANIDAE * D H
PO M ACANTHIDAE D H
PRISTIDAE Basket Trap (medium)
RHINO BATIDAE D O ACANTHURIDAE D H
SCARIDAE D H BALISTIDAE D O/H
SCATO PHAG IDAE LETHRINIDAE N C/O
SERRANIDAE D C/O LUTJANIDAE N C/O
SIG ANIDAE * D H SCARIDAE D H
SPHYRAENIDAE C/O SERRANIDAE D C/O
Frame Net (small) W alled Traps
CARAPIDAE ACANTHURIDAE D H
CLUPEIDAE * O/H CARANGIDAE D C/O
ENG RAULIDAE * KYPHOSIDAE H/O
GERREIDAE 0 LABRIDAE D 0
HEM IRAM PHIDAE * 0 LETHRINIDAE N C/O
LABRIDAE D 0 LUTJANIDAE N C/O
LEIO G NATHIDAE MULLIDAE * 0
MULLIDAE 0 NEMIPTERIDAE D O
O PHIDIIDAE N O/C OSTRACIIDAE 0
PLO TO SIDAE POMACENTRIDAE H/O
SCARIDAE D H SCARIDAE D H
SCATO PHAG IDAE SIGANIDAE D H
SIG ANIDAE D H
TERAPO NIDAE 0
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Table 24 (continued)
D=diurnal
N=nocturnal
H=herbivores
O=omnivores/benthic feeders
* = association emphasized C=carnivores/predators on fish
H o o k  a n d  L in e  (g e n e ra l) F is h  D rive
ACANTHURIDAE D H ACANTHURIDAE D H
BALISTIDAE D O/H BALISTIDAE D O/H
CARANGIDAE D C/O CARANGIDAE D C/O
CENTROPOMIDAE CENTROPOMIDAE
DASYATIDAE 0 CHAETODONTIDAE D H
ECHENEIDIDAE 0 DIODONTIDAE N 0
GERREIDAE 0 EPHIPPIDIDAE O/H
HAEMULIDAE N C HAEMULIDAE N C
HEMIRAMPHIDAE 0 HOLOCENTRIDAE N O
HOLOCENTRIDAE N O KYPHOSIDAE H/O
KYPHOSIDAE H/O LABRIDAE D 0
LABRIDAE D 0 LETHRINIDAE N C/O
LETHRINIDAE N C/O LUTJANIDAE N c/o
LUTJANIDAE * N C/O MONACANTHIDAE D H/O
MOBULIDAE H MULLIDAE O
MONACANTHIDAE D H/O NEMIPTERIDAE D O
MULLIDAE O POMACANTHIDAE D H
MURAENIDAE 0 SCARIDAE D H
NEMIPTERIDAE D 0 SERRANIDAE D C/O
OPHICHTHIDAE SIGANIDAE D H
ORECTOLOBIDAE C/O
POMACANTHIDAE D H S p e a r
POMACENTRIDAE H/O ACANTHURIDAE * D H
PRISTIDAE BALISTIDAE D O/H
RHINOBATIDAE D O BOTH 1 DAE O/C
SCOMBRIDAE D C CARANGIDAE D C/O
SERRANIDAE * D C/O CHAETODONTIDAE D H
SILLAGINIDAE CIRRHITIDAE C
SPHYRAENIDAE C/O DACTYLOPTERIDAE
SPHYRNIDAE C EXOCOETIDAE H
SYMBRANCHIDAE 'f is t u l a r iid a e O/C
HOLOCENTRIDAE N 0
D ro p  L in e ISTIOPHORIDAE C
ARIIDAE LABRIDAE D O
BALISTIDAE D O/H OSTRACIIDAE * O
CAESIONIDAE H PLEURONECTIDAE
CARANGIDAE * D C/O PLOTOSIDAE
HAEMULIDAE N C POMACANTHIDAE D H
LABRIDAE D 0 POMACENTRIDAE H/O
LETHRINIDAE N C/O SCARIDAE D H
LUTJANIDAE * N C/O SIGANIDAE * D H
SCARIDAE D H SILLAGINIDAE
SOLEIDAE
T ro llin g SYMBRANCHIDAE
CARANGIDAE D C/O TETRAODONTIDAE O
CARCHARHINIDAE C
ISTIOPHORIDAE C R u b b le  P ile
SCOMBRIDAE * D C ACANTHURIDAE D H
SERRANIDAE D C/O APOGONIDAE N O
SPHYRAENIDAE C/O HOLOCENTRIDAE * N O
XIPHIIDAE c LABRIDAE D 0
SCARIDAE D H
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Table 28 Ranking of Fishing Categories by Percentages of Fish Taxa Shared with
Other Fishing Categories. Percentages calculated by total number of taxa and 
number of shared associations of each category
Fishing Categories %  o f 
T a x a
%  o f 
S h a re d  
A s s o c i­
a tio n s
Fishing Categories %  o f 
T a x a
%  o f 
S h a re d  
A s s o c i­
a tio n s
Frame Net (medium) Hook & Line (general)
H o o k  &  L in e  (g e n e ra l) 53% 25% F ra m e  N e t (m e d iu m ) 6 1 % 35%
F ish  D riv e 46% 2 2 % F ish  D riv e 4 2 % 2 4 %
B a rr ie r  N e t (m e d iu m ) 26% 12% B a s k e t T ra p  (g e n e ra l) 18% 10%
W a lle d  T ra p 26% 12% W a lle d  T ra p 15% 9%
B a s k e t T ra p  (g e n e ra l) 2 4% 11% B a rr ie r  N e t (m e d iu m ) 11% 6 %
F ra m e  N e t (s m a ll m esh ) 14% 6% B a s k e t T ra p  (m e d iu m ) 9% 5%
B a s k e t T ra p  (m e d iu m ) 10% 5% S p e a rs 7% 4 %
H o o k  &  L in e  (d ro p  line ) 7% 3% H o o k  &  L ine  ( tro llin g ) 4% 3%
S p e a rs 3% 1% F ra m e  N e t (s m a ll) 4% 3%
H o o k  &  L in e  ( tro llin g ) 2% 1% R u b b le  M ou nd 4% 2 %
R u b b le  M o u n d 2% 1% H o o k  & L in e  (d ro p  line ) 2% 1%
Fish Drive Basket Trap (general)
F ra m e  N e t (m e d iu m ) 6 1% 2 5% F ra m e  N e t (m e d iu m ) 74% 2 3 %
H o o k  &  L in e  (g e n e ra l) 49% 20% F ish  D riv e 6 9 % 2 1 %
W a lle d  T ra p 38% 15% H o o k  & L in e  (g e n e ra l) 4 8 % 15%
B a s k e t T ra p  (g e n e ra l) 30% 12% W a lle d  T ra p 4 8 % 15%
B a rr ie r  N e t (m e d iu m ) 31% 12% B a rr ie r  N e t (m e d iu m ) 38% 12%
B a s k e t T ra p  (m e d iu m ) 10% 4% F ra m e  N e t (s m a ll) 2 1 % 7%
S p e a rs 9% 4% B a s k e t T ra p  (m e d iu m ) 14% 4 %
R u b b le  M o u n d 8% 3% H o o k  & L ine  (d ro p  line ) 5% 1%
F ra m e  N e t (s m a ll) 8% 3% R u b b le  M ou nd 5% 1%
H o o k  &  L in e  (d ro p  line ) 5% 2% S p e a rs 2% 1%
H o o k  &  L in e  ( tro llin g ) 0 0 H o o k  &  L ine  ( tro llin g ) 0 0
W alled Trap Barrier Net (medium)
F ish  D riv e 64% 25% F ra m e  N e t (m e d iu m ) 8 1% 2 9 %
F ra m e  N e t (m e d iu m ) 59% 23% F ish  D riv e 7 1 % 2 5 %
B a s k e t T ra p  (g e n e ra l) 34% 13% B a s k e t T ra p  (g e n e ra l) 3 8% 13%
H o o k  & L in e  (g e n e ra l) 2 9% 11% W a lle d  T ra p 3 6 % 13%
B a rr ie r  N e t (m e d iu m ) 2 6% 10% H o o k  &  L in e  (g e n e ra l) 2 9 % 10%
F ra m e  N e t (s m a ll) 16% 6% B a s k e t T ra p  (g e n e ra l) 17% 6 %
R u b b le  M o u n d 14% 5% H o o k  & L ine  (d ro p  line ) 7% 3%
S p e a rs 10% 4% R u b b le  M ou nd 2% 1%
H o o k  &  L in e  (d ro p  line ) 2% 1% S p e a rs 2% 1%
B a s k e t T ra p  (m e d iu m ) 3% 1% F ra m e  N e t (s m a ll) 0 0
H o o k  &  L in e  ( tro llin g ) 0 0 H o o k  & L in e  ( tro llin g ) 0 0
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Table 28 (continued)
Fishing Categories % of 
Taxa
% of 
Shared 
Associ­
ations
Fishing Categories % of 
Taxa
% of 
Shared 
Associ­
ations
Basket Trap (medium) Rubble Mound
Frame Net (medium) 87% 25% W alled Trap 53% 24%
Hook & Line (general) 67% 19% Fish Drive 20% 24%
Fish Drive 67% 19% Spears 40% 18%
Barrier Net (medium) 47% 13% Hook & Line (general) 27% 12%
Basket Trap (general) 40% 12% Frame Net (medium) 20% 9%
Hook & Line (drop line) 20% 6% Basket Trap (general) 13% 6%
W alled Trap 13% 4% Barrier Net (medium) 7% 3%
Rubble Mound 7% 2% Basket Trap (medium) 7% 3%
Fram e Net (small) 0 0 Frame Net (small) 0 0
Hook & Line (trolling) 0 0 Hook & Line (trolling) 0 0
Spears 0 0 Hook & Line (drop line) 0 0
Spear Hook & Line (drop line)
Fish Drive 27% 25% Frame Net (medium) 41% 36%
Hook & Line (general) 24% 22% Fish Drive 23% 20%
Rubble Mound 18% 17% Barrier Net (medium) 14% 12%
W alled Trap 18% 17% Basket Trap (medium) 14% 12%
Fram e Net (medium) 12% 11% Basket Trap (general) 9% 8%
Barrier Net (medium) 3% 3% Hook & Line (general) 9% 8%
Basket Trap (general) 3% 3% W alled Trap 5% 4%
Frame Net (small) 3% 3% Frame Net (small) 0 0
Basket Trap (medium) 0 0 Hook & Line (trolling) 0 0
Hook & Line (trolling) 0 0 Rubble Mound 0 0
Hook & Line (drop line) 0 0 Spears 0 0
Frame Net (sm all) Hook & Line (trolling)
Fram e Net (medium) 55% 36% Hook & Line (general) 29% 63%
Basket Trap (general) 27% 18% Frame Net (medium) 18% 37%
W alled Trap 27% 18% Fish Drive 0 0
Fish Drive 24% 16% Barrier Net (medium) 0 0
Hook & Line (general) 15% 10% Basket Trap (medium) 0 0
Spears 3% 2% W alled Trap 0 0
Barrier Net (medium) 0 0 Basket Trap (general) 0 0
Basket Trap (medium) 0 0 Frame Net (small) 0 0
Hook & Line (trolling) 0 0 Hook & Line (trolling) 0 0
Hook & Line (drop line) 0 0 Rubble Mound 0 0
Rubble Mound 0 0 Spears 0 0
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Table 30 Ranking o f Fishing Categories by Percentage o f Taxa Shared with Other
Fishing Categories and Specified as Not Caught by Five Indicated Categories. 
Percentages calculated by total number o f taxa and number o f contrasting 
associations
Fishing Categories %  o f 
T a x a
%  o f C o n tra s tin g  
A s s o c ia t io n s
Frame Net (m edium  mesh) F ish  D riv e 46% 3 1%
S p e a rs 38% 2 5 %
B a rrie r  N e t (m e d iu m  m esh ) 21% 14%
H o o k  and  L in e  (tro llin g ) 17% 11%
H oo k  and  L in e  (g e n e ra l) 13% 6%
W a lle d  T ra p 8% 5%
B a ske t T ra p  (g e n e ra l) 4% 3%
R u b b le  M o u n d 4% 3%
Basket Trap (general) F ra m e  N e t (m e d iu m  m e sh ) 72% 2 7 %
F ish  D riv e 50% 19%
B a rrie r  N e t (m e d iu m  m e sh ) 50% 19%
W a lle d  T ra p 33% 13%
H o o k  and  L in e  (g e n e ra l) 33% 12%
S p e a rs 22% 8%
R u b b le  M o u n d 6% 2%
Hook and Line (general) F ish  D riv e 56% 2 3 %
F ra m e  N e t (m e d iu m  m e sh ) 54% 2 3 %
B a rr ie r  N e t (m e d iu m  m e sh ) 31% 13%
W a lle d  T ra p 31% 13%
S p e a rs 2 4 % 10%
B a ske t T ra p  (g e n e ra l) 2 1% 9%
F ra m e  N e t (s m a ll m e sh ) 18% 7%
R u b b le  M o u n d 6% 2%
W alled Trap F ra m e  N e t (m e d iu m  m esh ) 91% 3 4 %
B a rr ie r  N e t (m e d iu m  m esh ) 57% 2 1 %
H o o k  and  L in e  (g e n e ra l) 52% 2 0 %
F ish  D riv e 39% 15%
B a s k e t T ra p  (g e n e ra l) 17% 7%
F ra m e  N e t (s m a ll m e sh ) 4% 2%
R u b b le  M o u n d 4% 2%
Fish Drive F ra m e  N e t (m e d iu m  m esh ) 83% 4 5 %
H o o k  and  L in e  (g e n e ra l) 4 1% 2 3 %
S p e a rs 17% 9%
B a rr ie r  N e t (m e d iu m  m esh ) 14% 8%
R u b b le  M o u n d 7% 4 %
W a lle d  T ra p 7% 4 %
B a ske t T ra p  (g e n e ra l) 7% 4 %
H o o k  and  L in e  ( tro llin g ) 3% 2%
H oo k  and  L in e  (d ro p  line ) 3% 2%
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Table 33 Ranking o f Fishing Categories by Percentages o f Fish Taxa Shared with
Other Environments. Percentages calculated by total number o f taxa and 
number o f shared associations
Fishing Category % of 
Taxa
% o f Shared 
Assoc ia tions
Fishing Category % o f 
Taxa
% o f Shared 
A ssoc ia tions
Frame Net (medium m esh) Frame Net (small mesh
G enera l D istribution 48% 25% R ee f F la t (specific) 55% 37%
R ee f F lat (total) 39% 20% R ee f F la t (total) 51% 35%
R ee f F la t (general) 26% 14% R ive r M outh 39% 27%
Leew ard R ee f M argin 25% 13% G enera l D istribution 30% 20%
D eep Sea 25% 13% Deep Sea 21% 14%
R ee f F la t (specific) 23% 12% R ee f F la t (general) 18% 12%
Leew ard R ee f S lope 13% 7% Leeward R ee f M argin 3% 2%
W indw ard  R ee f S lope 10% 5% W indw ard  R ee f S lope 0 0
Patch R eefs 9% 5% Leeward R ee f S lope 0 0
R iv e r M outh 9% 5% Patch R eefs 0 0
Barrier Net (medium mesh) Basket Trap (general)
G enera l D istribution 57% 31% G enera l D istribution 55% 29%
Leew ard R ee f M argin 33% 18% Deep Sea 31% 17%
R ee f F la t (tota l) 29% 15% R ee f F lat (total) 31% 17%
D eep Sea 26% 14% Leeward R ee f S lope 29% 15%
R ee f F la t (genera l) 26% 14% R ee f F lat (general) 21% 12%
Leew ard  R ee f S lope 14% 8% Leeward R ee f M argin 21% 12%
Patch R eefs 12% 6% R eef F lat (specific) 12% 6%
R ee f F la t (specific) 10% 5% Patch R eefs 10% 5%
W indw ard  R ee f S lope 7% 4% W indw ard  R ee f S lope 7% 4%
R ive r M outh 0 0 R ive r M outh 0 0
Basket Trap (m edium ) Hook and Line (genera 1)
Patch  R eefs 66% 28% R ee f F lat (total) 46% 22%
G enera l D is tribu tion 60% 25% G enera l D istribution 35% 17%
Leew ard R ee f M argin 47% 19% R ee f F la t (general) 32% 17%
D eep Sea 27% 11% R ee f F la t (specific) 32% 16%
R ee f F la t (tota l) 20% 8% Deep Sea 30% 15%
R ee f F la t (genera l) 20% 8% Leeward R ee f M argin 28% 14%
Leew ard R ee f S lope 20% 8% Patch R eefs 17% 8%
W indw ard  R ee f S lope 0 0 Leeward R ee f S lope 15% 7%
R iv e r M outh 0 0 W indw ard  R ee f S lope 11% 6%
R ee f F la t (spec ific ) 0 0 R ive r M outh 3% 1%
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Table 33 (continued)
Fishing Category % of 
Taxa
% of Shared 
Associations
Fishing Category % of 
Taxa
% of Shared 
Associations
Hook and Line (trollin 9) Hook and Line (droplin e)
Deep Sea 100% 65% Windward Reef Slope 68% 33%
Reef Flat (total) 29% 19% Leeward Reef Slope 41% 20%
Reef F lat (general) 24% 15% Deep Sea 36% 18%
Patch Reefs 24% 15% Reef Flat (total) 18% 9%
Leeward R eef Slope 6% 4% Reef Flat (general) 18% 9%
General D istribution 0 0 Patch Reefs 14% 7%
W indward Reef Slope 0 0 General Distribution 14% 7%
Reef F lat (specific) 0 0 Leeward Reef Margin 9% 4%
Leeward R eef Margin 0 0 Reef Flat (specific) 5% 2%
R iver Mouth 0 0 R iver Mouth 0 0
Rubble M ound W alled Trap
Reef F lat (total) 73% 35% General Distribution 52% 34%
Reef F lat (general) 67% 32% Reef Flat (total) 34% 23%
Reef Flat (specific) 53% 26% Reef Flat (specific) 28% 18%
Leeward R eef Margin 33% 16% Reef Flat (general) 24% 16%
General D istribution 27% 13% Leeward Reef Margin 16% 10%
Deep Sea 13% 6% Deep Sea 12% 8%
W indward Reef Slope 13% 6% Windward Reef Slope 9% 6%
Leeward Reef Slope 0 0 Leeward Reef Slope 7% 5%
Patch Reefs 0 0 Patch Reefs 5% 3%
R iver Mouth 0 0 R iver Mouth 0 0
Spear Fish Drives
Reef Flat (total) 85% 54% General Distribution 49% 28%
Reef F lat (specific) 73% 46% Reef Flat (total) 37% 21%
Reef F lat (general) 42% 27% Leeward Reef Margin 31% 18%
Leeward Reef Margin 21% 13% Reef Flat (general) 29% 16%
General D istribution 12% 8% Reef Flat (specific) 22% 13%
W indward Reef Slope 6% 4% Deep Sea 13% 8%
Deep Sea 3% 2% Leeward Reef Slope 11% 6%
Leeward Reef Slope 0 0 W indward Reef Slope 8% 5%
Patch Reef 0 0 Patch Reefs 9% 5%
R iver Mouth 0 0 R iver Mouth 1% 1%
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Table: 35 Taxonomic Families Associated with Major Environments and Generalized 
Feeding and Behavioral Traits
D=diurnal H=herbivores
N=nocturnal O=om nivores/benthic feeders
C=camivores/predators on fish
General Distribution Reef Flat (general)
A C A N TH U R ID A E D H A C A N TH U R ID A E D H
BALISTID A E D O/H BALISTIDAE D O /H
C A R A N G ID A E D C/O B O TH ID AE O /C
E P H IP P ID ID A E O/H C A R A N G ID A E D C/O
H E M IR A M P H ID A E 0 D A SYA TID A E 0
LABRIDAE D 0 D IO D O N TID A E N O
LETH R IN ID A E N C/O E P H IP P ID ID A E O /H
LU TJA N ID AE N C /O FISTU LA R IID A E O /C
M O B U LID A E H H A EM ULID A E N C
M O N A C A N TH ID A E D H/O H EM IR A M P H ID A E 0
M U G IL ID A E 0 H O LO C E N TR ID A E N 0
M ULLID A E H LABRIDAE D O
N E M IP T E R ID A E D O LETH R IN ID A E N C/O
O P H ID IID A E N O /C LUTJANIDAE N C/O
O R E C TO LO B ID A E C/O M U G ILID A E H/O
O S TR A C IID A E o M U R A EN ID A E O
P O M A C A N TH ID A E D H N E M IP TE R ID A E D O
P O M A C E N TR ID A E H/O O P H IC H TH ID A E
P R IS T ID A E P LE U R O N E C TID A E
SC A R ID A E D H P O M A C A N TH ID A E D H
SE R R A N ID A E D C/O P O M A C E N TR ID A E H/O
SIG A N ID A E D H SC A R ID AE D H
SC O M B R ID A E D C
Deep Sea S E R R A N ID A E D C /O
A R IID A E SIG A N ID A E D H
B A LISTID A E D O/H SO LEID A E
B ELO N ID A E SP H Y R A E N ID A E C /O
C A E S IO N ID A E H SP H Y R N ID A E C
C A R A N G ID A E D C/O
C A R C H A R H ID ID A E C Reef Flat (specific)
C E N T R IS C ID A E A C A N TH U R ID A E D H
C E N T R O L O P H ID A E A P O G O N ID A E N O
D A SYA TID A E o C A R A N G ID A E D C /O
E C H E N E ID ID A E 0 C H A E TO D O N TID A E D H
E X O C O E T ID A E H C LU P EID A E O /H
H A EM U LID A E N C D A C TY LO P TE R ID A E
H E M IR A M P H ID A E 0 EN G R A U LID A E
IS T IO P H O R ID A E C FISTU LA R IID A E O /C
LABRIDAE D 0 G E R R E ID A E 0
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Table 35 (continued)
D=diurnal H=herbivores
N=nocturnal O =om nivores/benthic feeders
C=carnivores/preditors on fish
D e e p  S e a  (c o n t.) R e e f F la t (s p e c if ic )  (c o n t.)
LETHRINIDAE N C/O HEMIRAMPHIDAE 0
LUTJANIDAE N C/O HOLOCENTRIDAE N 0
MONACANTHIDAE D H/O KYPHOSIDAE H/O
MUGLIDAE H/O LABRIDAE D O
MULLIDAE 0 LUTJANIDAE N C/O
MYLIOBATIDIDAE 0 MUGILIDAE H/O
NEMIPTERIDAE D 0 MYLIOBATIDIDAE 0
NOMEIDAE OPHICHTHIDAE
SCOMBRIDAE D c OSTRACIIDAE 0
SERRANIDAE D c/o PEMPHERIDIDAE H
SIGANIDAE D H PLOTOSIDAE
SPHYRAENIDAE C/O POMACENTRIDAE H/O
SPHYRNIDAE C RHINOBATIDAE D 0
XIPHIIDAE c SCARIDAE D H
SERRANIDAE D C/O
W in d w a rd  R e e f S lo p e SIGANIDAE D H
ARIIDAE SILLAGINIDAE
BALISTIDAE D O/H SPHYRAENIDAE C/O
BELONIDAE TERAPONIDAE O
CAESIONIDAE H TETRAODONTIDAE 0
CARANGIDAE D C/O
HAEMULIDAE N c L e e w a rd  R e e f M a rg in
ISTIOPHORIDAE c ACANTHURIDAE D H
LABRIDAE D o CARANGIDAE D C/O
LETHRINIDAE N c/o CLUPEIDAE O/H
LUTJANIDAE N c/o DACTYLOPTERIDAE
NEMIPTERIDAE D 0 DIODONTIDAE N 0
SCARIDAE D H EPHIPPIDIDAE O/H
SCOMBRIDAE D C HAEMULIDAE N C
SERRANIDAE D C/O HOLOCENTRIDAE N 0
SPHYRAENIDAE c/o KYPHOSIDAE H/O
SPHYRNIDAE c LABRIDAE D 0
LETHRINIDAE N C/O
R e e f F la t (to ta l) LUTJANIDAE N C/O
ACANTHURIDAE D H NEMIPTERIDAE D 0
APO GONIDAE N 0 OPHICHTHIDAE
BALISTIDAE D O/H POMACENTRIDAE H/O
BOTHIDAE O/C SCARIDAE D H
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Table 35 (continued)
D=diurnal H=herbivores
N=nocturnal O=om nivores/benthic feeders
C=carnivores/preditors on fish
Reef Flat (total)(cont.) Leeward Margin (cont.)
CARANG IDAE D C/O SERRANIDAE D C/O
CHAETO DO NTIDAE D H TETRAODONTIDAE O
CLUPEIDAE O/H SIGANIDAE D H
DACTYLO PTERIDAE
DASYATIDAE 0 Leeward Reef Slope
DIO DO NTIDAE N O CAESIONIDAE H
ENGRAULIDAE CARANGIDAE D C/O
EPHIPPID IDAE O/H HAEMULIDAE N C
FISTULARIIDAE O/C LABRIDAE D 0
GERREIDAE O LETHRINIDAE N C/O
HAEM ULIDAE N C LUTJANIDAE N C/O
HEM IRAM PHIDAE O NEMIPTERIDAE D O
HOLO CENTRIDAE N 0 SERRANIDAE D C/O
KYPHO SIDAE H/O SIGANIDAE D H
LABRIDAE D 0 SPHYRAENIDAE C/O
LETHRINIDAE N C/O
LUTJANIDAE N c/o Patch Reefs
M UG ILIDAE H/O CAESIONIDAE H
MURAEN1DAE O CARANGIDAE D C/O
M YLIO BATID IDAE 0 HAEMULIDAE N C
NEM IPTERIDAE D 0 KYPHOSIDAE H/O
O PHICHTHIDAE LABRIDAE D 0
O STRACIIDAE 0 LETHRINIDAE N C/O
PEM PHERIDIDAE H LUTJANIDAE N C/O
PLEURO NECTIDAE NEMIPTERIDAE D O
PLO TO SIDAE SCOMBRIDAE D C
PO M ACANTHIDAE D H SERRANIDAE D C/O
POM ACENTRIDAE H/O SPHYRAENIDAE c/o
RHINO BATIDAE D 0 SPHYRNIDAE c
SCARIDAE D H
SCO M BRIDAE D C River Mouth
SERRANIDAE D C/O CARAPIDAE
SIG ANIDAE D H CENTROPOMIDAE
SILLAG INIDAE CLUPEIDAE O/H
SO LEIDAE ENGRAULIDAE
SPHYRAENIDAE C/O HEMIRAMPHIDAE 0
SPHYRNIDAE C LEIOGNATHIDAE
TERAPO NIDAE 0 MUGILIDAE H/O
TETRAO DO NTIDAE 0 OPHIDIIDAE N O/C
SCATOPHAGIDAE
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Table 38 Ranking o f Major Environments by Percentage o f Fish Taxa Shared with 
Other Environments. Percentages calculated by total number o f taxa and 
number o f shared associations
% of Shared 
Taxa
% o f Shared 
Taxa
G enera l D is tribu tion R eef F lat (total)
No Shared H abitats 74% No Shared H ab ita ts 34%
R ee f F la t (total) 19% Deep Sea 28%
R ee f F la t (specific) 14% Leeward R ee f M argin 26%
R ee f F la t (general) 11% G enera l D istribution 13%
Deep Sea 10% Patch R eefs 12%
Patch R eefs 8% W indw ard  R ee f S lope 11%
Leeward R ee f M argin 4% Leeward R ee f S lope 8%
W indw ard  R ee f S lope 3% R ive r M outh 6%
Leeward R ee f S lope 3%
R ive r M outh 1%
D eep Sea R eef F lat (general)
R ee f F la t (total) 43% Deep Sea 43%
R ee f F la t (general) 42% Leeward R ee f M argin 28%
No Shared H abitats 30% R ee f F lat (specific) 27%
Leeward R ee f M argin 22% No Shared H ab ita ts 17%
Leeward R ee f S lope 22% W indw ard  R ee f S lope 17%
W indw ard  R eef S lope 18% Leeward R eef S lope 13%
Patch R eefs 16% Patch R eefs 12%
G enera l D istribution 10% G enera l D istribution 12%
R ee f F lat (specific) 7% R ive r M outh 4%
R ive r M outh 4%
W in dw ard  R eef S lope R eef F lat (specific )
D eep Sea 44% No Shared H ab ita ts 36%
R ee f F la t (total) 41% R ee f F lat (genera l) 32%
R ee f F la t (genera l) 41% Leeward R ee f M argin 28%
No Shared H abitats 37% G enera l D istribution 17%
Leeward R ee f S lope 37% Patch R eefs 14%
Leeward R ee f M argin 22% Deep Sea 8%
Patch R eefs 19% R ive r M outh 6%
G enera l D istribution 6% W indw ard  R ee f S lope 3%
R ee f F la t (specific) 6% Leeward R ee f S lope 2%
R ive r M outh 0
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Table 38 (continued)
% o f S h a re d  
T a x a
%  o f S h a re d  
T a x a
Leew ard  R eef M arg in Patch Reefs
R e e f F la t (to ta l) 56% R e e f F la t ( to ta l) 48%
R e e f F la t (g e n e ra l) 38% D e e p  S ea 41%
R e e f F la t (s p e c if ic ) 33% L e e w a rd  R e e f M a rg in 41%
D e e p  S e a 31% R e e f F la t (g e n e ra l) 31%
L e e w a rd  R e e f S lo p e 24% R e e f F la t (s p e c if ic ) 31%
P a tc h  R e e fs 22% L e e w a rd  R e e f S lo p e 28%
N o S h a re d  H a b ita ts 11% G e n e ra l D is tr ib u tio n 21%
W in d w a rd  R e e f S lo p e 13% W in d w a rd  R e e f S lo p e 21%
G e n e ra l D is tr ib u tio n 5% N o S h a re d  H a b ita ts 3%
R iv e r  M o u th 2% R iv e r  M ou th 0
L eew ard  R eef S lope R iver M outh
D e e p  S e a 65% N o S h a re d  H a b ita ts 59%
L e e w a rd  R e e f M a rg in 50% R e e f F la t (to ta l) 41%
R e e f F la t ( to ta l) 38% R e e f F la t (s p e c if ic ) 23%
W in d w a rd  R e e f S lo p e 46% R e e f F la t (g e n e ra l) 18%
R e e f F la t (g e n e ra l) 38% D e e p  S ea 18%
P a tc h  R e e fs 31% L ee w a rd  R e e f M a rg in 6%
N o  S h a re d  H a b ita ts 8% G e n e ra l D is tr ib u tio n 6%
G e n e ra l D is tr ib u tio n 8% W in d w a rd  R e e f S lo p e 0
R e e f F la t (s p e c if ic ) 4% L e e w a rd  R e e f S lo p e 0
R iv e r  M o u th 0 P a tch  R e e fs 0
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Chapter 9
Conclusions
In the preceding chapters, two forms of intensification, the wallted garden complexes of 
Baluan and the walled fish traps of Andra, have been described, their use discussed and 
their development analyzed. The following conclusions will argue that, during this 
examination, several common elements in their apparent development emerged. In both 
cases, competition over the partitioning or allocation of resources aff ected their 
development more than any attempt to substantially increase production. While both 
examples contributed moderately to increases in subsistence production, neither 
substantially or quantitatively increased production to any great degree. Whatever the 
ultimate pressures were on production, and these can only be surmised, these pressures 
were expressed more strongly at the level of the individual household than in any 
coordinated effort such as that of a larger clan or settlement grouping. This tendency is 
expressed most clearly in the highly regular replication of individual forms that 
constitutes both complexes. Structurally, neither complex developed beyond the 
establishment and expansion phases as there is no substantial evidence that either 
underwent subsequent stages of elaboration or enhancement that would signal attempts 
to intensify their production capacities. In both cases it can be Argued that these forms 
of capital investment, which were certainly the most archaeologically visible forms of 
production, were only components of a larger trend in which production as a whole was 
intensifying and becoming more concentrated, particularly at an organizational level.
Thus the walled gardens and fish traps can be viewed more as signs o f  a greater process 
of intensification than as the phenomenon itself.
The following conclusions argue these major points, firstly, for the development of the 
walled garden enclosures and, secondly, for that of the walled fish traps. The 
conclusions review previously presented results and introduce some «speculations. For 
Baluan, speculation focuses on broader trends in the island’s prehistory that suggest a 
long-term and pronounced concentration of land use on the northern slope. On Andra, 
speculation draws on the known distribution of fishing methods and ithe layered forms of 
ownership that suggest a concentration of production. The discussion ends with a 
summary of the study’s major implications, principally those that app'ly to the study and 
interpretation of similar walled complexes in the Pacific archaeologic al record.
Development of the Walled Gardens of Baluan
Firstly, to argue that the allocation of resources was of greater signif icance in enclosure 
development than attempts to increase production, relies on weighing the relative 
importance of known enclosure functions. If one function distinctly surpasses others in 
importance, then it is likely to have played a more significant role in tthe long-term 
development process. As discussed in Chapter 4, assessing enclosure functions requires 
distinguishing those that pertain to actively cultivated gardens fiom tihose applying to 
gardens lying in fallow. In the case of Baluan, this means comparing the continuity that 
walled enclosures give the fundamental units of ownership and cultivation with the 
recurrent advantages of reducing labor expenditures, increasing yieldis and containing 
soil movement in actively cultivated gardens. The immediate and lomg-term 
consequences of delineating ownership and the size of garden plots fa r outweigh those 
functions associated with active gardens. Thus, the structural and etlhnographic
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importance of delineating the landscape contrasts with the comparative weakness of 
recurrent functions considered to be measures of intensified production.
As seen, role walled fields give permanency to ownership distinctions and definition to 
the individual units of cultivation, which conforms with observations of the few other 
examples of dryland field systems in Western Melanesia discussed in any detail. Pre­
determined and persistent units were viewed by Yen (1976) as creating a much more 
precise basis for dealing with production decisions or disputes and by Swadling as a 
means of removing "contention over the allocation of this improved land" (Swadling 
1991:556). On Baluan, contention was clearly not removed, but the enclosures gave 
these disputes very distinct parameters and, as such, the enclosures can be viewed as a 
capital investment in the individual units of contention. These consequences and the 
importance of this role was further demonstrated by the apparent long-term stability of 
these defined units which, as argued in Chapter 5, showed relatively little change 
through time.
Of the functions applied to active gardens, the greatest advantage of such capital 
investments was the labor-saving benefits over multiple or repeated use of a given area 
(Brookfield 1986). These walled enclosures, however, only partially realized this 
advantage because they were rebuilt with every use of a garden and these potential 
benefits were essentially subverted by the use of wall reconstruction to reconfirm 
ownership which, in itself, underscores the greater importance of delineating jurisdiction. 
As described in Chapter 4, the act of precisely reconstructing enclosure walls for every 
garden use tacitly demonstrated rightful ownership. There were, of course, some minor 
benefits in terms of labor requirements. The collapsed walls formed pre-determined 
alignments which provided a readily available source of stone for wall reconstruction 
and eliminated the time needed to choose and then establish the size and configuration of 
a garden plot. The narrow and curved construction techniques used in wall 
reconstruction also reduced labor requirements by being the most efficient means of 
achieving short-term stability (Chapter 4). No apparent attempts were made, however, 
to achieve long-term stability by creating more substantial walls which would have 
created a durable form of capital investment. Given the abundance of stone, this 
alternative was certainly viable but not chosen.
In terms of increasing yields, the most direct measure of intensification, the contributions 
of the walled enclosures took two forms. Firstly, they allowed relatively minor gains in 
production by clearing stone from the soil and thereby increasing or stabilizing planting 
areas within a given plot. These modest benefits, however, were primarily achieved, not 
by the walls, but by stone clearing mounds and informal alignments that dominate the 
interior of most enclosures. Secondly, the enclosure walls increased yields by reducing 
crop loss, most prominently through excluding pigs. This could be significant if the 
development of the walled enclosures implied the increased presence of pigs on the 
island and, indirectly, a growing emphasis on raising pigs for ceremonial exchanges.
Had excluding pigs been a primary motivation, however, wall construction could have 
been more substantial and durable. This would have reduced the need to reinforce the 
walls of active gardens with branches or coconut fronds to achieve this goal (Chapter 4). 
Supernatural exclusion was also a consideration. For the cultivators, the enclosure walls 
created those supernatural circumstances in which optimal yields could be achieved.
The array of ornamental shrubs and herbs as well as behavioral prohibitions all enhanced 
suitable circumstances, but enclosure walls bounded and protected the area being
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managed ritually. This function, as with that of excluding pigs, would have been served 
more effectively if the walls had been more massive.
Even weaker is the potential explanation that these walls developed in response to a 
need to control soil distribution over the landscape or to check deteriorating soil 
conditions. Unlike some other dryland field systems, these walled features developed in 
a landscape that was not highly susceptible to massive or continual slope wash nor were 
there signs of substantial environmental degradation such as established grasslands 
(Chapter 3). When the gardens were inactive, erosion was generally slight given the 
rapid regrowth of dense vegetation after abandonment and the apparent infrequency of 
accidental fires which expose soil during fallow periods. During the active phases of 
garden preparation and cultivation, relatively little soil movement was evident and what 
did occur, was generally retained by internal stone-clearing mounds, informal stone 
alignments and natural outcropping which cover a far greater proportion of the island's 
slope than do the stone walls. Examples of significant soil accumulations against 
downslope enclosure walls were generally localized. The analysis of wall orientation 
(Chapter 5) also indicated that soil erosion was an unlikely impetus to wall development 
and none of the other analyses indicated that enclosure complexes, once established, 
were altered in a manner suggesting an increased need to retain soil.
Influence of the Household Production
To argue that enclosure replication and the resulting patterns reflected the influence of 
household production depends equally on the frequency and spatial distribution of 
enclosure sizes and on a lack of structural evidence for larger, collective holdings. In 
terms of enclosure size, the complexes were clearly dominated by walled plots that 
coincided with the most fundamental unit of gardening, the household plot. As 
demonstrated in Chapter 5, the size of this fundamental unit was not only small but 
relatively homogeneous. The narrow range of enclosure sizes dominating the mapped 
complexes corresponded with the basic unit of the four-year cropping cycle in which 
three adjoining plots were cultivated for three years in a staggered sequence. At this 
fundamental level the garden plots were newly opened and planted by individual 
households (Chapter 4). Modifications that occurred did not change the fundamental 
characteristics of the whole (Chapter 5).
Alternatively, if relatively large, collective holdings had been influential for extended 
periods then their boundaries should have been distinguishable by field observations or 
through analysis. Neither field observations or analysis yielded structural evidence of 
territorial boundaries nor those encompassing larger lineage or clan groupings. All 
prominent boundaries demonstrated by informants were irregular in that they followed 
the bends and turns of adjoining enclosure walls and none were constructed more 
substantially than other walls in the complex (Chapter 3 and 4). Boundary identification 
depended entirely on demonstrated knowledge of particular lands, history, place names 
and enclosure configurations. This absence of durable territorial distinctions was equally 
apparent in the analyses (Chapter 5) which found no evidence of an ancestral framework 
or one that underwent subsequent subdivision. Instead, these analyses underscored the 
prominent role of independent enclosures in the development of the walled complexes.
The structural absence of larger scale boundaries does not necessarily imply, however, 
that larger group distinctions were absent in the past any more than they are in the
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present. More likely, this absence reflected the weakness or inherent instabilities in 
settlement and territorial alliances. Defining individual units of land holdings, essentially 
those coinciding with the size of cultivated plots, was apparently of far greater 
advantage than formalizing broader distinctions that were potentially in flux. The 
argument put forward by Schwartz (1963) to explain the high incidence of settlement 
instabilities may apply equally to broader territorial distinctions as the two were 
essentially linked. Schwartz primarily saw settlement instabilities as arising from 
economic independence at the level of the individual household which made residential 
shifts relatively feasible for individuals or for whole segments of a settlement group. As 
discussed in Chapters 3 and 4, enclosures and blocks of enclosures were known to have 
shifted from one territorial division to another and the territorial boundaries moved to 
encompass additional enclosures.
Development Phases
In examining the commonly categorized phases of development - establishment, 
expansion and intensification - two distinctions were appropriate in this case. The first 
addressed structural evidence in the complexes while the second dealt with broader 
distinctions between innovations and the intensification of production. Structurally, the 
development of these complexes did not extend beyond the establishment and expansion 
stages as nothing indicates that, once established, they underwent any form of 
elaboration or substantial subdivision showing subsequent stages of intensification or 
increasing competition over the allocation of production. During expansion, island size 
was the only apparent constraint faced as the enclosures essentially spread to cover even 
the more inaccessible areas. The lack of an intensification phase may have been, as 
suggested by Brookfield (1984), inhibited by the structural constraints of the system 
itself and by the social commitments to this formalization of production. In the case of 
the Baluan enclosures, such intrinsic constraints are easily visualized because production 
was structurally formalized at the most fundamental level. If enclosures began as 
relatively small units, as has been argued, then options for future subdivision, elaboration 
or reorganization would be distinctly limited. The apparent stability of these walled 
complexes through time also supports the significance of inherent constraints as well as 
a high level o f social investment.
As discussed in Chapter 1, Brookfield emphasized the importance of distinguishing 
between innovations and intensification when assessing the process by which 
technological approaches to production become established. In this case, development 
of the walled enclosures was not a comfortable match with either distinction although 
their affinity with characteristics generally associated with intensification are greater.
This was most strongly reflected in the fact that the walled enclosures essentially 
formalized an already existing pattern and method of production instead of introducing 
new forms of production as do innovations. Presumably, many of the basic elements of 
shifting cultivation were already an integral part of agricultural production before the 
walls developed. Also compatible with the concept of intensification, is the probability 
that enclosures were a response to considerable pressure. This is implied most clearly 
by the extent to which enclosures expanded to cover almost the entire island, including 
less accessible locations such as the crater floor. As suggested in Chapter 5, the general 
homogeneity of the complexes may suggest a relatively rapid expansion and, therefore, a 
relatively high degree of pressure during the expansion stage. Enclosure development 
did not, however, reflect the conventional implications of intensification in one major
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respect. A driving need to marginally increase production can not be argued as a 
significant factor in their development. Instead, as argued earlier, such pressure more 
likely arose from competition over the allotment of production.
In one aspect, enclosure development did conform with characteristics assigned to the 
process of innovation although this resemblance was still overshadowed by 
dissimilarities. As was typical of innovations, the walled enclosures were a new 
technological introduction which qualitatively changed the landscape of production, but 
unlike most innovations, the enclosures did not represent a new means of production. 
Their establishment did not realize any clear production advantage or opportunity as do 
most innovations nor did they provide a means of gaining a significantly greater control 
over productive success. Enclosure expansion and replication did not bring previously 
unused or underutilized lands into production which other innovations have allowed in 
marginal dry or wetland conditions elsewhere. Their introduction probably did not 
result in a quantum leap in production as frequently occurs with innovations.
As in the structural development of these complexes, the long-term consequence of 
these enclosures on the process of shifting cultivation was probably one of constraint.
As Yen (1976) suggests, defining a landscape with stone walls constrains the process of 
field rotation or introduces a degree of inflexibility in garden planning. On Baluan, the 
dedication of larger plots to a range of ceremonial exchanges exemplifies a constraint. 
Exempting designated plots from routine cycles of cultivation would inevitably restrict 
rotation over a much broader area and raise the probability of productive success in 
larger plots reserved for specific occasions. In many instances, however, the relatively 
small sizes of most enclosures provide some of flexibility because enclosures can be 
cultivated in blocks of adjoining units, exchanged among owners, or shifted between 
territorial holdings. While flexibility emphasizes the ability of enclosures to provide well 
defined and mutually understood units of transaction, these issues of constraint and 
flexibility further underscore the probability that organizational consequences of 
enclosure development were of greater significance than increases in yields.
Impetus for Enclosure Development
As with other studies of intensified production, increasing population density and 
growing demands on surplus production fueled pressure over the use of cultivated lands. 
This remains an assumption as no direct evidence is available to refute or confirm this or 
alternative explanations. Given the small size of the island and the apparent emphasis on 
household production, population density is, more likely, the primary factor. An 
increasing population could easily raise the level of competition over specific garden 
areas and would, most directly, lead to conflicts over the allocation of land at the level 
of household production. The clear dominance of enclosure sizes corresponding to 
household production further points to pressure being primarily expressed in the realm 
of routine subsistence. The presence of larger gardens now reserved for ceremonial 
feasts also suggests that surplus production probably accentuated competition over 
available land and cumulative demands on production. As argued in Chapter 5, these 
larger gardens were present during the initial stages of enclosure development because 
they were well represented throughout the mapped complexes and there was no 
evidence that they were post-expansion developments.
Another frequently raised factor, that of environmental degradation, is an unlikely
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contributor to the establishment or expansion of the enclosures given the apparent 
environmental stability of the island. Environmental conditions certainly contributed to 
enclosure development but changes in these conditions did not prompt these 
developments. Instead, they remained relatively constant before, during and after stages 
of enclosure development. For example, the walls and internal features were a direct 
response to an abundance of stone in the island's soil but cultivation could have 
continued without such a high degree of formalization. The richness of the volcanic soils 
may have contributed, indirectly, to competition over land allocation by allowing higher 
population densities to develop than would otherwise have been possible but, again, this 
factor probably did not prompt enclosure development as the soils remained relatively 
rich through the development process.
Another consideration is that population densities were not only high but unevenly 
distributed. This could accentuate pressure over the allocation of land in particular 
areas. The hypothesized existence of a generalized center or core area on the north 
slope from which the enclosures expanded outward may represent such circumstances.
As argued in Chapter 5, the possible existence of such a core area was suggested by a 
higher frequency of smaller enclosures in the broader settlement area on the north slope 
and the greater number of larger enclosures farther from this center. Such a progression 
could indicate expansion from a center outward and, if this were the case, development 
of the walled enclosures would have been only one component of a process that 
eventually resulted in the highly organized, disproportionate and intensive use of the 
northern slope (Chapters 3 and 4). This trend and its endpoint resemble what 
Brookfield (1972) called the intensification of organization or the process by which 
already existing forms of production and land uses are reorganized in a given area. In 
effect, production becomes more concentrated, more efficient or sometimes more stable.
In the Baluan case, the most fundamental expression of this process of intensified 
organization was the concentration of settlements on the northern slope, repeatedly 
reinforced by the expansion and contraction of residence groupings. The major 
territorial holdings demonstrated a preference for the north slope by dividing it, 
disproportionately, into smaller land units. These patterns were reinforced by the trail 
networks leading to garden lands, resources and other settlements. Probably the most 
visual expression of this re-organization, however, was the development of dense, tree 
crop orchards which visually defined this broad area of intensive use.
The antiquity of this trend remains unknown but, arguably, it is not entirely recent. 
Sequentially, the walled complexes are the oldest record of this more intense use 
because all other recognizable features appear to post-date the enclosures and to 
conform with patterns initially set by them (Chapters 3, 4 and 5). The course of the 
walled trails clearly follows the edges of pre-existing enclosure walls as do territorial 
boundaries which are not independently represented by any structural formation. The 
orchards, like the modern coconut plantations that replaced them, were established over 
the walled enclosures with the underlying enclosure pattern left intact. The individual 
residence sites recognizable today were subject to considerable mobility and were said to 
have been constructed by humans instead of the small people who created the garden 
walls. Each step alone, in addition to the sequence of events, would require 
considerable time to develop (Chapters 4 and 5).
Although speculative and based largely on context, the concentrated use of the north
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slope may be explained by individual groups being drawn towards the dominant trade 
and exchange arena. Baluan is distinctly located at the southeastern periphery of the 
archipelago, and so only the north slope clearly faces the major domain of external 
economic and social activity. This is also true of the island's position relative to the 
cluster of smaller islands, including the neighboring islands of Lou and Pam, with which 
the Baluan people share the greatest linguistic similarities and with whom their recent 
economic and social ties are the closest. An internal cause may also have contributed to 
concentrated use of the north slope. This explanation relies on the prominence of the 
dispersed exchange networks described by Schwartz (1963). A characteristic of this 
network is that individual households residing in a single settlement group could, and 
generally did, have different sets of networks that linked each with differing events 
occurring in settlement groups other than their own. Thus, one household could have a 
range of obligations not necessarily shared by other households in the same settlement 
and, at any given time, each household could be actively participating in a number of 
unrelated exchange events. If different settlements on Baluan were linked directly 
through the diverse obligations of their households, then having settlements in relative 
proximity would be advantageous, particularly in arranging and fulfilling these 
obligations. Supporting the proposed explanations is the absence of any compelling 
environmental explanation for this skewed distribution (Chapter 3).
The origin of the diverse orchards of fruit and nut trees, probably the final stage in this 
organizational intensification of the north slope, may also be explained, indirectly, by the 
process that weakened the stability of residential groupings. As described in Chapter 4, 
there were three distinct arboricultural assemblages: those integrated with the 
secondary growth communities in the gardened lands; those forming distinct orchards in 
the greater settlement area; and those growing within and between residential yards in 
active settlements. Given the degree to which residences are known to have shifted, 
stands of tree crops growing within residential areas could, through time, be easily 
transformed into orchards once the active residences were abandoned. If settlements 
shifted a considerable distance, these stands would eventually resemble spatially distinct 
orchards. The process of propagation and selection described by informants also favors 
this development scenario because informants stressed the management of resulting 
circumstances more than the active creation or enhancement of assemblages through 
planting (Chapter 4). Thus this form of intensified production may not have been 
achieved by intensifying the integration of tree crops in the cultivation process as 
observed elsewhere (Yen 1976), but by taking advantage of recurrent settlement 
instabilities. This also explains why the orchards came to distinctly mark the broadly 
defined settlement area instead of being widely distributed throughout the cultivated 
island
Although not contributing to this organizational intensification, the most conventional 
form of intensification in Baluan's recent past may be the shift from taro to the yam, 
Dioscorea esculenta, which occurred sometime after 1870 (Chapter 4). The ability of 
Dioscorea esculenta to produce multiple tubers is a recognized means of quantitatively 
increasing yields but at a cost of greater labor investment in garden preparation due to 
mounding and staking (Barrau 1958; Bourke 1982). The perception that this yam 
requires greater precautions, particularly through rituals and prohibitions, would also 
contribute to an increase in labor inputs. Other characteristics ascribed to 
intensification, such as the stabilization of production or a trend toward specialization,
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may also apply. The high tolerance of Dioscorea esculenta for drought conditions 
(Bourke 1982) reduces risk in crop production and thus stabilizes yields through periods 
of rainfall fluctuations. If this shift in crop dominance was encouraged by trading 
opportunities with the Titan fishing communities (Chapter 4), then it may represent a 
trend towards specialized production within an intensifying trade network.
Arboriculture as Intensification
The prominence of tree crop assemblages on Baluan highlights the issue of arboriculture 
as a potential expression of intensified production and, in effect, of having long-term 
consequences similar to those of walled complexes (Yen 1976; Kirch and Yen 1982). In 
this case, the orchards clearly represent a capital-intensive response to production 
pressures more than a labor-intensive approach or one aimed at increasing yields. 
Characteristic of capital-intensive systems, these orchards clearly reduced long-term 
labor inputs for a given area (Brookfield 1986) as labor invested in the initial 
establishment of perennial tree crops applied to multiple production cycles, avoiding 
repeated efforts needed to prepare and plant gardens in root crops. Orchard formations, 
in particular, reduced labor requirements because tree crops within these artificially 
created plant communities need less tending than those integrated in the secondary 
growth communities (Chapter 4). In terms of increasing yields, these diverse orchards 
probably did not represent, collectively, an increase in productivity over root crop 
cultivation for a given area because they were consistently portrayed as a generalized 
supplement to primary crops and not as a replacement for crop staples. As a 
supplement, yields of an individual taxon or groups of taxa did not strongly complement 
any periodic or annual fluctuations in garden production. Perhaps the greatest 
advantage of these assemblages was the high number of taxa present which diversified 
available food sources. Some have considered such diversification as a means of 
reducing risk (Brookfield 1984; Farrington 1985, Kirch 1989). In this case, 
Dracontomenlon dao is the most obvious example of risk reduction because of its 
crucial role during times of food shortage. As an enhancement and expansion of existing 
tree crop assemblages, orchard development should also be considered a form of 
intensification more than an innovation. This intensification, however, appears tied to 
organizational aspects of land use that go well beyond the direct advantages of 
production as orchard development compounded trends set by settlement patterns and 
the establishment of the walled enclosures.
As mentioned above, Yen proposed that the long-term consequences of orchard 
development paralleled those of walled garden complexes (Yen 1973a, 1973b, 1976; 
Kirch and Yen 1982). Essentially, both delineate use of the landscape for extended 
periods of time, reduce flexibility in shifting cultivation routines, and formalize 
ownership patterns. In this case, orchard development definitely formalized and 
delineated use of the landscape by marking the broad area of settlement on the northern 
slope. Within this area of intensive use, the orchards clearly had constricted field 
rotation options, particularly in those smaller territorial divisions that did not extend 
beyond the north slope. If anything, the orchards probably had a more pronounced 
effect on land use and plot rotations than did the walled enclosures. As discussed 
earlier, the walled enclosures allowed some flexibility in the cultivation process because 
of their relatively small size and because they formalized existing patterns of use instead 
of creating new distinctions in land use. More parallels might have been drawn between 
these two forms of capital-investment, orchards and walled enclosures, if the Baluan
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orchards had developed within the context of shifting cultivation and if they had been 
distributed across the island instead of resulting, as hypothesized, from an unstable and 
skewed settlement distribution. In fact this substantial investment in trees crops within 
the distinct settlement area may have reinforced the very settlement pattern that led to its 
creation as has been suggested for the development of breadfruit plantations in 
Micronesia (Yen 1973b, Davidson 1988).
In terms of formalizing ownership, orchard boundaries did not surpass those set by the 
walled enclosures which remained, even in today's coconut plantations, the fundamental 
unit of ownership. Although it is conceivable, informant descriptions did not suggest 
that the extension of a single orchard beyond the confines of one or more enclosures 
implied a consolidation of otherwise individually defined units. In arguing claims to 
land, informants stressed the importance of boundaries set by enclosure walls and 
knowledge of bounded areas without ever referring to the extent or distribution of 
former orchards. Another indicator of the relatively minor role of tree crops in 
ownership issues, was the emphasis placed on trees being planted by flying fox or 
sprouting unaided (Chapter 4). This emphasis on fortuitous instead of human origins 
tends to suppress the wide-spread custom that economically beneficial tree are owned by 
those who planted them regardless of who owns the land on which they grow (Yen 
1973b).
Development of the Walled Fish Traps
In contrast to the walled garden enclosures, the initial construction of the walled traps 
on the Andra reef clearly conforms with the concept of innovation as proposed by 
Brookfield (1984). As is apparent in the local story of their invention and in the argued 
history of their development, an opportunity was recognized and it proved effective. 
Forms of pressure on production need not be sought to explain their establishment as 
individual traps or small groups of traps placed in the most favorable positions to 
intercept potentially large numbers of fish Characteristic of innovations, environmental 
factors played a dominant role in creating this opportunity which, in this case, consisted 
of fish behavior, coinciding tidal cycles and a rapidly draining reef flat in the early 
morning hours. The initial introduction of the walled traps qualitatively and 
quantitatively altered production, but only on a very narrow section of the reef flat and 
then for very limited and variable time periods. The process, however, by which high 
numbers of individual traps were replicated to create nearly continuous barriers does call 
for an explanation beyond that of opportunity. It is in the expansion phase that 
questions of production intensification can be explored and the strongest parallels can be 
drawn with the development of the walled gardens. Evident also is the dominant 
influence of resource allocation and the effects of larger production trends.
Increase in Yields
The expansion of the walled traps into nearly continuous barriers almost certainly 
represented some attempt to raise potential yields. As informants consistently asserted, 
the collective productivity of the continuous complexes was greater than that achieved 
by smaller discontinuous complexes or individual traps. Their expansion enhanced the 
prcbability of catching very large numbers of fish at a maximum or, more routinely, a 
mcdest take of nine to 12 fish. The occurrence of these advantages when other methods 
were less productive and in an area considered marginal, further implies a specific effort
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to increase productive capacities. The significance of these contributions, however, is 
greatly diminished by the low frequency of trap use and their unpredictability. 
Productivity depended on the coincidence of infrequent tidal conditions, averaging 16 
days a year, and the particulars of fish behavior or, more specifically, the presence of 
large numbers of fish on the reef during the preceding night (Chapter 6). Individuals had 
little control over either factor with the possible exception of temporarily curtailing the 
use of fishing methods that might adversely alter fish behavior at this time. Catch 
composition, also a factor in assessing yields, was of no particular advantage as the fish 
most often caught by the walled traps were not distinctive and fell well within the 
spectrum of taxa caught by other prominent and more frequently used methods. Taxa 
preferred for their taste, size or ability to be preserved were caught equally or more 
effectively by other methods (Chapter 8). Essentially, the marginal and unpredictable 
increases allowed by the expansion of walled traps, although real, were not sufficiently 
compelling, alone, to justify the formation of continuous complexes.
Labor Considerations
The influence of labor requirements is also ambiguous but slightly more compelling. 
Attempts to assess labor costs, even in the broadest terms, indicate that ratios vary 
widely with the size of these unpredictable catches, particularly if the labor needed to 
retrieve the fish caught is combined with that of wall construction (Chapter 8). Clearly 
when catch size was relatively high, labor requirements per yield were very low and, 
when catches or tidal conditions were poor, the ratios were high. In neither case, 
however, did labor needs appear burdensome nor were substantial increases in labor 
inputs required to achieve even marginally higher yields when they occurred (Chapter 8). 
In sum, construction of the walled traps probably represented a modest decrease in labor 
requirements for the opportunity of potentially large gains or, at minimum, of fairly 
modest returns for the effort.
The greatest labor-saving advantage of these walled traps, however, is not apparent in 
labor-yields ratios, but in the broader social implications. The walled traps provided the 
only opportunity in which a household could catch large numbers of fish without having 
to enlist and coordinate labor from other households; without having to acquire 
substantial amounts of construction materials from the Manus mainland; and without 
having to fulfill the social consequences that both incur. The other fishing methods 
resulting in large numbers of fish in a single outing were predominately those employing 
large frame or barrier nets (Chapter 7). These methods required considerable time and 
effort to accomplish at least one of the following: the recruitment and coordination of 
numerous individuals to perform the method; the application of considerable skill, 
knowledge and strategy; negotiations with households who have proprietary rights over 
net use in some cases; obtaining the cordage or wood needed to construct and repair 
nets through trade and exchange networks; and the judicious public distribution of a 
large catch if the expedition were successful. In contrast, the walled traps have the 
capacity of concentrating large numbers of fish by relying primarily on the natural 
drainage, fish behavior and readily available reef rubble to construct the trap walls. 
Control over the distribution of a substantial catch remained with the individual 
household and any distribution avoided stricter protocol governing that of the large nets. 
Once constructed, use of the walled traps required no strategy, little skill and only 
knowledge of when appropriate tidal fluctuations would occur and when trap entrances 
should be closed. As with marginal increases in yields, however, these labor-reducing
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benefits were essentially overshadowed by the relatively low frequency of trap use and 
the uncertainty that large numbers of fish would be caught. In contrast, the labor- 
intensive elements of the major net methods probably allowed them to be used with 
greater frequency and success. Knowledge and skill could be used to choose when and 
where net placement would be most advantageous given observed fish movements and 
tidal currents. The involvement of large numbers of individuals also allowed fish to be 
congregated and driven to best advantage while ownership prerogatives could 
temporarily restrict conflicting fishing activities in particular areas to increase the 
likelihood of successful catches.
The labor-saving benefits inherent in most walled features or forms of capital- 
intensification were, as on Baluan, essentially negated by the annual need to reconstruct 
the walled traps. As opposed to the garden enclosures, however, reconstruction of the 
walled traps was not a clear matter of choice because constructing more durable walls 
was probably not a feasible option. Other than those few examples in which localized 
circumstances allowed algal cementation of trap walls, the vast majority of the walled 
traps were disrupted every year by wave action and strong currents (Chapter 6). As on 
Baluan, some residual benefits did, over time, make wall construction moderately more 
efficient. Much of the rubble used for wall construction was simply dispersed each year, 
which tended to concentrate suitable construction material in the general vicinity of the 
traps. Larger pieces of rubble that remained stationary became guides in the precise 
recreation of trap walls and, as on Baluan, helped reduce the decision-making process of 
repeatedly choosing trap locations or the course of wall alignments.
Prominence of Household Allocation
In contrast to yields and labor, the walled trap complexes provided some clear 
advantages if allocating potential catch at the level of the household were a major 
concern. Individual interests in production were clearly expressed in the structural 
attributes of the trap complexes themselves, in their hypothesized expansion and in their 
ethnographically documented use and ownership Despite the communal benefits of 
these nearly continuous barriers, their annual re-creation and use remained completely in 
the hands of individual lineages. This was structurally expressed by the delineation of 
shared catchment areas in which multiple traps were owned by a single household 
(Chapter 6) and, to an even greater extent than on Baluan, the process of precisely 
reproducing wall alignments was crucial in demonstrating and reaffirming individual 
ownership. The proposed scenario for the expansion of the walled traps, if correct, 
reinforces this point. As argued in Chapter 6, the walled traps were more variable in 
form and orientation in the initial development phase because their construction reflected 
the particular circumstances of the most favorable locations. In the expansion phase 
they became increasingly homogeneous in size and shape, not only because they were 
constructed along more uniform stretches of the reef crest, but because they had to 
accommodate an increasing density of individually controlled traps. Thus, as pressure 
over the allocation of potential catch grew, the V-shaped catchment areas became more 
narrowly defined while the heart-shaped confinement areas increased proportionately.
In such circumstances, later owners could anticipate fewer benefits because potential 
catch was divided among a greater number of traps and traps were located in less 
favorable circumstances. These prospects hardly seem compelling for an annual average 
of 16 days of productivity unless expressing an individual stake in this potential benefit 
was important.
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This explanation, that individual claims predominated, is supported by hypothetically 
comparing the structural form of these trap complexes with alternatives that might be 
more probable if collective, instead of individual, concerns were an important issue or if 
labor considerations were greater. The same barrier effect could have been achieved 
more efficiently by constructing far fewer traps. The angles of the V-shaped walls could 
have been widened to encompass a greater catchment area and, to accommodate the 
higher catch ratio per trap, larger and more elaborate or compartmentalized confinement 
areas could have been designed. Larger traps required less labor to reconstruct annually 
and the greater number of people needed to retrieve larger catches would be more suited 
to village or group efforts. Examples of these larger, more elaborate traps are 
widespread throughout the Pacific, indicating that they are structurally feasible and 
effective in many circumstances. Using the Pacific record, however, to test a correlation 
between larger or more elaborate traps and coordinated group efforts would be difficult 
based on the current information. Jurisdiction over most walled traps tended to reflect 
the prevailing economic and social organization of an island group more than the 
particular configuration or size of the traps (Chapters 1 and 6) and no other examples 
formed such extensive complexes as those found in Manus. Regardless, the possibility 
of fewer but larger traps on the Andra reef flat appears plausible and suggests an 
alternative not chosen. Non-structural alternatives were also possible given that other 
fishing methods catch a similar range of fish taxa. Large nets or basket traps could have 
been used with greater frequency during this relatively unproductive time period or nets 
could have been set along the algal pavement during those prime early morning hours 
when fish were leaving the reef. As shown in Chapter 7, however, these net methods 
were not widely owned by households and this alternative, at least in the recent past, 
would not have benefited most households.
Perhaps more indicative of household allocation and its importance, is the 
complementary pattern of jurisdiction created by the expansion of the walled traps. 
Instead of being a simple technological expansion, this process appears to be a logical 
extension of trends set by all five stationary fishing methods. Together, these stationary 
methods effectively partitioned major portions of the reef flat into individual holdings. 
The use of each method was tied to specific, territorial areas controlled by households 
and fully operated by members of these households. The three basket trap methods, by 
far the most important of these stationary methods, essentially divided the leeward reef 
flat and portions of the windward reef flat into small, individually held blocks which, if 
visualized, are reminiscent of the walled gardens (Carrier J. 1981). This emphasis on 
household allocation was reinforced by the primary dedication of catch from all these 
methods to household consumption and the routine maintenance of trade and exchange 
obligations.
Development Phases
As proposed earlier, the establishment phase of the walled traps more clearly conforms 
with concepts of innovation than those of intensification (Brookfield 1984). Particularly 
when compared with the garden enclosures, this establishment phase was probably 
distinct from that of expansion. A prominent characteristic of innovations, opportunity 
initiating development, is exemplified by the initial placement of individual traps or small 
groups of traps in the most favorable locations. Recognition of this largely 
environmental opportunity and the invention of rubble walls to intercept natural fish 
movements, did not require explanations based on production pressures. Labor and
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construction materials were minimal for the initial numbers of traps, particularly 
considering the large catches possible in the most productive locations. The prominence 
of environmental factors and the ability of an invention to qualitatively and quantitatively 
change production in a marginal area further conforms with characteristics generally 
attributed to innovations. Unlike many innovations, however, the walled fish traps did 
not substantially raise the ability of individuals to control the resource or the 
circumstances of production. Their invention, therefore, did not set the stage for 
dramatic quantitative changes in production.
Once the expansion phase was complete, the structure of the walled traps and the 
resulting complexes shows no evidence of having been altered to intensify their 
production capacities. Hypothetically, this could have been accomplished by 
constructing larger and more elaborate confinement areas, subdividing larger traps or 
raising wall heights. These attempts, however, may not have been effective even if 
feasible. For example, raising wall heights would probably not increase catch size, even 
marginally, because this change would not influence the two most crucial factors that 
lead fish to the traps. Higher walls could increase the number of days in which trap 
walls retained receding water but it would not influence the rapidness with which the 
tides fall and the timing of this event. As argued for the walled garden enclosures, the 
creation of walled structures and the social implications of replicating them probably 
introduced an element of conservatism that hindered further structural developments, 
particularly as the structural units were relatively small. In this case, the social 
commitment may have been a more compelling hindrance as the severe disruption of the 
walled traps every year would have provided ample opportunity to alter trap numbers, 
sizes or shapes.
The option of increasing production by expanding the distribution of the walled traps 
was equally restricted given that trap expansion apparently reached practical 
environmental limits. They completely covered the narrow environmental band in which 
suitable conditions were most favorable and, as discussed in Chapter 6, the expansion of 
extensive complexes within the windward reef flat may not have been feasible as it was 
on the neighboring reef of Ahus. Even if it were possible, the consequences may not 
have been acceptable. The few complexes located in this position during field work 
were said to adversely influence fish movements and diminish the effectiveness of other 
fishing methods (Chapter 6).
In addition to these well-defined constraints, intensifying production of the trap 
complexes seems improbable given that they allowed little control over the resource 
being caught or the factors that made them productive. Relatively high levels of control 
are considered essential if a technological advance is to generate subsequent forms of 
intensified production (Brookfield 1984; Spriggs 1990). With the exception of the 
immediate surroundings, the walled traps and the individuals using them did not 
sufficiently manipulate their environmental settings in a way that allowed production to 
be significantly increased. These constraints are clear when contrasted with other fishing 
methods that appear more amenable to intensification. Of these, the major net methods 
probably hold the greatest potential because they provided some means of controlling 
fish movements and allowing greater flexibility in the frequency and location of their use. 
With these large net methods, observation and knowledge helped determine where and 
when the nets could be used to best advantage while the skill and strategy needed to 
coordinate large numbers of participants effectively concentrated fish from a relatively
Conclusions 444
large area. Temporary prohibitions on other fishing methods also enhanced the number 
and susceptibility of fish in prospective areas of use and proprietary rights over these 
methods determined how frequently they could be used and the scale of these efforts.
To a lesser extent, even the rubble mounds allowed greater control over fish and their 
environment by creating artificial habitats that attracted and concentrated fish and then 
facilitated their capture.
Despite the absence of an intensification phase, elements of trap expansion certainly 
resemble the process of intensified production. This resemblance may be greater than 
expected because the collective effects of the walled complexes were greater than that 
generally achieved by the simple replication of a technology or means of production over 
a larger area. This is best illustrated by the most prominent measure of intensification, 
that of marginally increasing yields against a disproportionately high degree of effort 
needed to achieve these yields (Brookfield 1972 and 1984; Turner and Doolittle 1978). 
As argued earlier, the barrier effect created by the trap complexes collectively allowed 
marginally greater yields than would be possible with the same number of discontinuous 
traps or trap complexes. When measured against the extensiveness of these complexes 
and their low frequency of use, these marginal increases arguably conform with the most 
prominent definition of intensified production as do the duplication and joining with an 
existing technology instead of introducing or inventing technological innovations.
Perhaps the most notable similarity, however, is the implied presence of substantial 
pressure behind this development. The intensity of this pressure is suggested not only by 
the high density of traps reconstructed every year for relatively few days of use, but by 
their exceptional nature. By far the predominant pattern found throughout the Pacific is 
that of dispersed traps or small groups of traps placed in prime locations. Presumably, 
some form of pressure would be needed to push the Andra complexes beyond this 
dominant and widespread pattern. As argued earlier, however, competition over the 
allocation of production was probably the more immediate and significant source of 
pressure than attempts to increase production even marginally.
Impetus for Walled Trap Expansion
Assuming that initial trap development was simply recognizing an opportunity, 
examining the broader issues of intensified production focuses on those sources of 
pressures that prompted the expansion phase. The widely held assumptions that 
population density and growing demands on surplus production are the most significant 
impetus for substantial changes apply here as they did for the walled garden enclosures. 
As on Baluan, no specific archaeological evidence can support or refute these 
assumptions, but both are clearly plausible given the known social and economic 
circumstances of the Andra community. Of the two, increasing population density is 
probably the more influential cause of trap expansion. The population densities of 
Andra were arguably high as is characteristic of many specialized subsistence groups 
living on small off-shore islands in New Guinea (Allen 1985, Macintyre and Allen 1990; 
Kirch 1991). Approximately 200 to 300 people are known to have lived on the small 
Andra sand cay and to have exploited the limited, although rich, reef and off-shore 
environments. Informants portrayed even higher densities in the past before diseases 
episodically and gradually reduced the population (Chapters 2 and 7). As was argued on 
Baluan, however, the dominant role of population is also implied by the clear advantage 
of these developments to household production and the expression of this pressure in 
the realm of routine subsistence. A growing population would most directly raise the
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level of competition among households over access to diverse fishing opportunities 
which supported their routine subsistence needs. This strong association between the 
walled traps and household production is reflected in structural characteristics such as 
trap size and the shared catchment areas and in the dedication of catch from the traps to 
immediate household needs (Chapter 6).
The prominence of population is also implied in assessing what population densities 
might mean for subsistence developments in a specialized fishing community. If 
subsistence as a whole is at issue, estimates of population densities should include, at 
least conceptually, all those areas from which subsistence is acquired through the widely 
dispersed trade and exchange networks. This extends the area considered far beyond 
that directly controlled by the specialized community. In the case of Andra, their past 
networks effectively encompassed scattered settlements across much of northern Manus 
and should include those areas in which taro was cultivated and sago harvested for 
consumption on Andra. While such trade networks seemed to allow high population 
densities on these small off-shore islands (Allen 1977a, Kirch 1991), in this case the ratio 
of population to resource area controlled directly by a given population may be more 
significant because developments in production, not consumption, are being addressed. 
This approach essentially emphasizes the density of the producer instead of that of the 
consumer. Within this context, increasing populations on the small sand cay of Andra 
would clearly increase competition among the producers and thus over individual shares 
in various opportunities within their marine environments. As argued earlier, it is 
exactly these circumstances that best explain not only the development of the trap 
complexes but their structural characteristics and known use.
Conversely, pressure attributed to increasing demands on surplus production was 
probably of less direct significance although such increases can be assumed at some 
point given the complexity and intensity of the trade and exchange networks recorded 
ethnographically. In regard to the walled traps, these increasing demands could have 
been felt in two ways. Firstly, overlap in catch composition among many fishing 
methods (Chapter 8), suggests that increasing the use or effectiveness of methods 
associated with surplus production could, indirectly, affect the productively of other 
methods. In turn, this could lead to a general perception that the production capacities 
of other methods needed to be increased in compensation, including that which could be 
accomplished by expanding the number and distribution of walled traps. Secondly, a 
growing prominence of ceremonial exchanges would raise the proportion of routine 
catch which a household would need to dedicate to maintaining the trade and exchange 
networks that would assure successful participation in these exchanges. Eventually, this 
would accentuate any competition between individual households.
This last point highlights the problem of distinguishing between surplus and subsistence 
production in specialized communities because food produced for household 
consumption was thoroughly intermeshed with that distributed and acquired through 
trade and exchange networks. Arguing that one factor is of greater significance than the 
other becomes a matter of debating relative dominance and influence. In the expansion 
of the walled traps, the more direct influence of subsistence production may be best 
illustrated by contrasting their production capabilities with that of the large net methods. 
These net methods were overtly linked with ceremonial exchanges and, therefore, 
surplus production. The large net methods secured the substantial catches required for 
these exchanges, and did so with the higher degree of predictability and flexibility
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needed for scheduled events. If competition among political leaders escalated and 
ceremonial exchange obligations increased, then use of the large net methods would 
have been most directly influenced. Not only were they more suited to the production 
needs of the ceremonial exchanges, but their use could be intensified more readily. As 
argued earlier, they could incrementally absorb potentially escalating demands because 
of their greater flexibility and ability to control fish movements. Greater control over 
the frequency of their use could be achieved by multiplying ownership prerogatives 
while yields could be increased by developing more effective skills and strategies. In 
contrast, the average size and unpredictability of catches associated with the walled 
traps conforms much more closely with household needs.
In addition to these broader causes, changing environmental conditions may have 
contributed to trap expansion. While current reef conditions could account for the 
introduction of the walled traps, advantageous changes in reef morphology and coral 
communities could have provided an added incentive for their exceptional development. 
Informant accounts and aerial photograph coverage indicated that these reef 
environments were anything but stable and even relatively minor changes influenced the 
productivity of some fishing methods (Chapter 6). Particularly crucial for trap 
productivity were relatively minor changes in the height and duration of water levels that 
affected localized ponding patterns and, subsequently, the growth and stability of coral 
communities and fish populations. According to informants, the destruction of a sand 
cay in the mid-1930's helped create a moating-efifect along the windward reef flat, 
particularly between the sand cays and the rubble zone in which the walled traps were 
located. With multiple sand cays intact, this stretch of reef remained ponded for longer 
periods, coral growth was encouraged, greater numbers of fish were attracted to the 
area and, as a result, the walled traps were more productive. Once the sand cay was 
destroyed and the area drained more readily, yields dropped within this section of the 
reef and in the nearby walled traps. Such morphological changes in the past could have 
created, quite rapidly, particularly opportune conditions in which expansion of the trap 
complexes would have been justified. This advantage, however, cannot explain the 
structural attributes of the complexes or why alternative trap sizes or shapes did not 
develop. Also, these advantages were apparently not sufficient to overcome the 
limitations of this fishing method, particularly its relatively short period of use.
Organizational Intensification
Even more than the agricultural enclosures, expansion of the walled traps can be best 
understood as a symptom of trends that led to the highly organized and concentrated use 
o f reef environments by 25 of the 28 known fishing methods. When combined, the 
diversity of fishing methods, their spatial patterning and the layering of use rights 
suggest a production complex subject to the processes of diversification and 
organizational intensification. This diversification, often considered an expression of 
intensification (Farrington 1985, Brookfield 1984), dispersed relatively high levels of 
risks associated with the unpredictable nature of catch size and composition. The 
distinct and layered patterns of use thus created stabilized production by dispersing these 
risks and apportioning the opportunities. In contrast to walled gardens, however, no 
durable remains can suggest a sequence for these developments or their relative 
antiquity. The walled traps may be a later development given that their invention was 
tied to a named individual of a particular lineage (Chapter 6).
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The trend towards organizational intensification probably began with the diversification 
of six fishing technologies (i.e., nets, baskets, hooks, spears, rubble constructions and 
poison) into 25 named methods. This, in itself, was not exceptional nor necessarily a 
sign of intensification as the basic gear being used, the number of named methods and 
the attributes which distinguished these fishing methods conform with the types and 
diversity of fishing methods documented throughout the Pacific (e.g., Anell 1955; 
Reinman 1967; Akimichi 1978, 1986; Masse 1986; Dye 1983). The primary result of 
this diversification, however, was a distribution of method use that suggests a spatial 
concentration of production. The most influential factors in this process were the 
relatively well defined environments of the Andra reef and the dynamic drainage patterns 
created by tidal cycles. As described in Chapter 7, clearly delineated zones are 
characteristic of reefs exposed to prevailing trade winds and reef drainage can be 
pronounced on mature reefs. Within this context, 21 of the 25 reef methods developed 
were generally restricted to one or two clearly defined zones and only four were used 
widely across the reef (Fig. 60). The specific tidal ranges required for 15 of these 25 
methods gave this diversification some temporal distinction as well. These 
environmental factors clearly overshadow other potentially influential variables such as 
expected catch composition. For example, the diversity and composition of catch of 
most major fishing methods overlapped considerably and only two of the 25 reef 
methods targeted particular taxa (harpoons and turtle nets) (Chapter 8). As a result, the 
concentration of fishing methods diversified opportunities to catch a generally similar, 
although rich, range of fish taxa.
Most indicative of organizational intensification, however, was the further differentiation 
of method use into multiple layers of use rights. The resulting hierarchy of prerogatives 
not only dictated who could use particular methods and when, but it compounded the 
spatial patterns of method use and gave this organizational trend a vertical dimension.
As described in Chapter 7 (see also Carrier J. 1981; Carrier and Carrier 1989:131-132), 
the 25 fishing methods located within the reef environments can be summarized in four 
major categories: those owned exclusively by one or two lineages; those in which 
equipment numbers were restricted by lineage; those widely owned but restricted to 
designated locales and those commonly used throughout the larger territorial division. 
The development of the walled trap complexes, as argued earlier, represented the 
expansion of one of these layers; that in which stationary methods were used in 
specifically owned locales. Thus the replication of walled traps effectively extended, 
spatially, a trend in which much of the reef was partitioned into relatively small, 
individual holdings. This process essentially resembles the expansion of agricultural 
technologies or approaches onto marginal lands in that the trap complexes allowed this 
layer of stationary use to spread to a less productive section of the reef and during a less 
productive period of the year.
The expansion of this layer of use rights and the associated spatial patterns, clearly 
benefited individual households and their immediate subsistence needs as the catch from 
all these stationary methods were primarily dedicated to subsistence production. As a 
result, household accessibility to fishing opportunities was diversified and their 
individual risks reduced as they gained greater control over the allocation of catch from 
these multiple opportunities. Within a context of increasing competition over an often 
unpredictable and shared resource, differentiating these layers of use rights allowed 
production to intensify by increasing and diversifying control over the probability of fish
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being caught when needed instead of simply increasing yields. Those generalized 
methods used throughout the territorial divisions in addition to the stationary methods, 
assured individual households of multiple options to fulfill their routine subsistence 
needs. The more specialized methods, with their greater restrictions but higher levels of 
control over larger numbers of fish, increased the probability that substantial surpluses 
could be obtained for ceremonial presentations.
External Influences
As on Baluan, the distribution and relative intensity of external trading spheres may help 
explain the circumstances in which these extensive complexes developed. At question is 
uneven distribution of extensive, walled trap complexes throughout Manus which in 
1943 occurred only on the three barrier reef segments of Andra, Ponam and Ahus (Fig. 
43). Their absence on the southern reefs is easily attributed to environmental differences 
(Chapter 6), but this is not so clearly the case for other reefs in Manus where walled 
traps occurred only as scattered individuals or in small complexes. This is particularly 
true along the north coast where differences in reef morphology and drainage patterns 
are not so apparent.
One explanation may lie in the uneven distribution of population densities and 
subsistence patterns apparent in Manus in the recent past. As described in Chapter 2, 
distinct differences existed between the eastern and western half of the Manus mainland. 
In the eastern half, population densities were higher; settlements were distributed 
throughout the interior of the island and overall subsistence patterns were more diverse. 
In the western half of Manus, settlements were fewer, they lay along the lower slopes of 
the island and sago production dominated. The distribution and highest density of 
specialized fishing communities on the southern and northern coasts essentially 
coincided with these more diverse settlement and subsistence patterns in the eastern half 
of the island. This correspondence may have been instrumental in encouraging more 
intensive trade and exchange networks which eventually allowed the full development of 
the north-coast specialized fishing communities. The greater proximity of Ahus, Andra 
and Ponam to these developing trade opportunities could explain the circumstances in 
which high population densities could become established on these islands and the 
extensive trap complexes eventually developed. Although some of these settlement 
patterns have been skewed by changes in the recent past (Chapter 2), the fundamental 
attributes of the unevenly distributed settlement and subsistence complexes could still 
characterize the late prehistory of Manus. Given the antiquity of human occupation in 
Manus, these hypothesized trends do not preclude the possibility that other comparable 
complexes developed in the more distinct past or that multiple fluctuations or changes in 
configuration preceded the ethnographically documented trade networks as has been 
suggested in the prehistories of other Western Melanesian trade networks (Allen 1985; 
Macintyre and Allen 1990; Kirch 1991).
Implications of Research Results
The following summarizes some broader implications of this research, particularly those 
concerning the process of intensified production and walled complexes as potential 
expressions of this process. These implications can be argued more strongly because 
two independent data sets were studied instead of one.
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1. Organizational Attributes and Intensification
In terms of understanding the extent to which walled complexes represent the process 
of intensification, the parallel developments found in these two examples underscore 
a need to consider the organizational aspects of production instead of focusing, 
predominantly or necessarily, on measures such as yields or labor costs. In both 
examples, organizational considerations were significant at a specific and general 
level. At a specific level, the community responded to pressures on production by 
emphasizing the delineation of household jurisdiction instead of raising production 
capacities significantly. At a broader level, both complexes developed within a larger 
production context that was becoming increasingly more concentrated through 
organizational changes. These organizational elements may, in fact, be more visible 
in the archaeological record when the technological or productive advantages of 
complexes are weak or ambiguous. The difficulty Brookfield (1986) observed in 
identifying empirical regularities in dryland systems because their functional attributes 
were so particularistic, may be rectified, in part, by paying greater attention to 
organizational patterns. Regularities are not likely to be found in the patterns 
themselves, but in the way they reflect the social and economic organization of the 
broader community.
2. Walled Complexes as Capital-Intensification.
Ownership implications of the walled complexes were significantly greater than any 
immediate or long-term benefits generally associated with capital-investments, 
particularly those of reducing labor costs. Instead of creating a durable foundation 
for production, both complexes set a skeletal framework in which ownership could be 
repeatedly demonstrated through reconstruction. Despite their quasi-durable nature, 
both complexes introduced an element of conservatism into subsistence production 
and perpetuated a strong social commitment to individual ownership prerogatives.
The strengths of these commitments are illustrated by the apparent long-term stability 
of the resulting structural forms. The manner in which these complexes developed 
also contributed to this stability. In both cases, further development options were 
limited because the basic structural unit being duplicated was relatively small. Other 
forms of subsistence would need to be intensified if pressure on production 
continued. On Baluan, progressive pressure was expressed through the development 
of a strong arboricultural component and, on Andra, the major net methods were 
more likely to be the focus of such developments as they had a greater potential for 
being intensified.
3. Archaeological Visibility and Symptoms of Larger Processes
The results of this study strengthen reminders that structural modifications in the 
archaeological record are only a partial reflection of the multiple components of past 
subsistence production (Brookfield 1972 and Yen 1976) and that such durable or 
highly visible components may not represent production prominence nor the most 
significant phases of production intensification. The highly visible walled fish traps, 
particularly as seen on aerial photographs, were a minor component of the fishing- 
based economy and the walled garden enclosures, which thoroughly dominate the 
Baluan landscape, had a relatively minor direct affect on agricultural productivity. 
Important, however, was the probability that both signaled a larger process in which
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production as a whole was intensifying. On Baluan, this larger process was 
expressed in the uneven settlement distribution and orchard developments on the 
northern slope. On Andra, this trend encompassed a layering of ownership 
prerogatives and partitioning of the reef flat for the use of stationary fishing methods. 
This reliance on broader societal changes to understand specific developments 
predominated in the study of walled fish traps on Yap and in Australia (Hunter- 
Anderson 1981; Lourandos 1983; Godwin 1988; Walters 1989).
4. Pattern Analysis
This study demonstrates the benefits of pattern analysis and of pursuing 
organizational questions through such analyses. In both cases, these analyses 
demonstrated the prominence and persistence with which the replication of smaller 
units of production can occur without the benefits or limitations of a larger 
encompassing framework. Systematic exploration of potential development 
sequences and degrees of spatial variability in the structural attributes of a complex 
were particularly important. This approach differs from the more impressionistic 
interpretations generally offered. Not all complexes, however, lend themselves to 
treatment as a relatively high degree of regularity and component continuity is 
needed. This approach may be most effective where the technological or productive 
advantages of a complex are the least clear and the influence of topographic 
variability is weak. These weaknesses may actually allow organizational patterns or 
development sequences to be expressed more distinctly and, therefore, to be more 
visible archaeologically. Defining development sequences or variability within a 
complex could also be important if radiocarbon dating of a complex is impossible, 
ambiguous or restricted only to a portion of a complex. Defined patterns could, in 
these circumstances, serve as a basis for extrapolating established ages or relative 
sequences to other parts of a complex.
5. Characteristics, Phases and Trends in Intensified Production
This attempt to apply the concepts of intensified production often became a matter of 
sorting through specific definitions, ambiguous measures of the process and 
expectations of broader trends. The results point to the usefulness, if not the 
necessity, of considering a range of potential characteristics of intensification instead 
of narrowing the exercises to specific definitions. In both examples, the following 
three levels of analysis were warranted:
a. Structural Developments and Production Capacities. This level of analysis 
followed the common archaeological assumption that the development of 
durable landscape modifications can be traced through the stages of 
establishment (i.e., innovation or introduction), expansion and intensification. 
Neither complex examined, however, was structurally intensified in a way that 
would increase its specific production capacities, not because production 
pressures were absent, but because the complexes developed and functioned in a 
manner that limited further options. Essentially neither represented a specific 
and distinct event labeled intensification.
b. Characteristics of Intensified Production. Despite the absence of an 
intensification phase, the expansion phase of both complexes conformed
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relatively well with an assortment of individual characteristics often attributed to 
intensification. Considerable pressure on production was evident, yields 
probably increased marginally, and labor requirements reduced. When 
combined, however, the sum of these characteristics and their magnitude did not 
conform well with the general intent of specific definitions and precise measures 
of intensification; even the similarities were overshadowed by other production 
concerns. Nevertheless, the process of examining these potential attributes 
individually was useful in exploring what influenced the development of these 
complexes and how they, in turn, influenced production. While neither complex 
marked a specific intensification event, some of their affects on production were 
similar.
c. Broader Trends. The third level addresses the broadest application of the term 
to characterize general trends in which production as a whole was becoming 
increasingly more complex or effective in response to growing demands. 
Describing these broader trends relied on identifying other components of 
production or settlement, either in the archaeological or ethnographic record, 
that confirmed this broader process. In both case studies, these other indicators, 
when combined, more closely represented the broader uses of the term than the 
walled complexes themselves reflected the specific definitions of intensification. 
Archaeologically, the development of the walled complexes contributed more to 
identifying long-term trends in intensification than they marked a specific event 
in which production was intensified.
6. Intensification and Fishing
As noted earlier, questions of intensified production have not been rigorously 
applied to fishing. While this study does not define the process, it does point to 
several important considerations. In this case, intensifying fish production could not 
rely on gaining significant control over environmental conditions or fish behavior. 
Instead, efforts to increase or stabilize production depended on diversifying method 
use or emphasizing those methods that demonstrate the greatest capacity to be 
intensified. Opportunities to alter environments with the aim of intensifying 
production are extremely limited given the dominant influence of strong currents, 
high waves and changes in reef morphology. Artificial modification or permanent 
facilities are continually at risk. As a result, most fishing methods must take 
advantage of naturally occurring conditions. Control over fish behavior is also 
difficult and most attempts to concentrate or attract fish for capture still depend on 
predicting or maintaining existing patterns of fish behavior. On Andra, diversified 
methods apparently proved most effective. Multiple methods, their spatial 
distribution and layered ownership made the most of these largely uncontrollable 
factors and accommodated the high diversity of fish populations, their mobility 
across multiple environments and the high degree of overlap in fish taxa caught by 
most methods. As argued earlier, larger net methods were the most capable of 
being intensified because of their flexibility (when and where they were used), their 
reliance on knowledge and skill and the coordination of the labor to concentrate fish 
from large areas. The development of these three factors, in addition to being able 
to catch a diversity of fish, may be the most important if intensification is to occur in 
a marine setting. Unfortunately, these versatile net methods are not easily traced
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through the archaeological record unless recognizable sinkers were used (e g., Allen 
1986).
7. Implications of Parallel Developments for Manus Prehistory
As proposed in Chapter 1, comparisons between these two walled complexes have 
implications for the prehistory of Manus. Similarities imply that factors influencing 
their development were widespread in the late prehistory of Manus while weak 
parallels could indicate the dominant influence of independent and localized 
developments or lessen the probability that the entire archipelago was effectively 
and economically integrated during this period. As argued earlier, strong parallels 
were found, primarily in the dominant influence of household jurisdiction and in 
broader indications, that production as a whole was undergoing forms of 
organizational intensification.
As absolute chronologies were not established for either complex, the degree to 
which their parallel developments coincided remains unknown. Given the apparent 
antiquity of the garden enclosures and the more recent invention of the walled traps, 
the two developments were probably separated by a considerable period of time. 
More important than this specific timing, are indications that both signified broader 
and probably protracted trends of intensified production. Since these trends appear 
traceable in these very different circumstances and at opposite ends of the 
archipelago, they were probably not isolated phenomena. Although increasing 
population densities were argued to be the more immediate factor prompting 
expansion of the complexes, a broader perspective shifts the emphasis to potential 
fluctuations in the complexity and spatial extent of trade and exchange networks.
In both cases, the external influence of these networks was hypothesized to have 
helped create circumstances in which organizational intensification occurred. On 
Baluan the relative location of the primary trade and exchange arena may explain 
the concentration of settlements and land use on the north slope of Baluan. For 
Andra, the higher population densities and more diverse subsistence systems on the 
neighboring half of Manus, could have encouraged the exceptional use of the 
Andra, Ahus and Ponam reefs by allowing greater exchange opportunities. If this is 
the case, then these walled complexes also give these trade and exchange networks 
some antiquity.
The similar response in each case to production pressure may suggest the 
pervasiveness of some fundamental characteristics of the Manus economy. In 
particular, the prominence of individual jurisdiction conforms well with that 
proposed by Schwartz (1963). He saw household autonomy as a persistent and 
dominant feature of the Manus economy and suggested that the relatively 
independent participation of households in dispersed trade and exchange networks 
allowed this degree of autonomy. The strength and complexity of these dispersed 
networks, he argued, could integrate a strong regional economy and do so despite 
considerable political instability at the local level and an absence of political 
hierarchies. As argued earlier, aspects of his hypothesis helped explain the high 
incidence of settlement shifts seen on Baluan, the weakness of firm political 
boundaries between territories and the advantages of closely grouped settlements 
for participants in these dispersed obligations. If this prominence of individual 
autonomy is reflected in the development and persistence of these walled
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complexes, then these complexes also give some antiquity to the economic and 
social order proposed by Schwartz. Beyond the specific context of Manus, these 
results give temporal credence to the theoretical prominence and tenacity of what 
Sahlins labeled “the domestic mode of production” in communities of similar 
political and economic complexity (Sahlins 1972:101-148; Friedman and Rowlands 
1977).
8. Implications for Melanesian Prehistory
As this is the first study in such detail of a walled, dryland agricultural system in 
Western Melanesia, the research on Baluan primarily lays a foundation for similar 
inquiries in the future. The results demonstrate that the walled gardens described in 
the Solomon Islands and New Britain, hinted at in Reisenfeld’s literature search and 
noted in incidental observations, are probably more widespread than realized and 
potentially recording past subsistence changes as they do in other regions of the 
Pacific. Their occurrence, however, may be scattered and isolated, as it was in 
Manus, because they are largely dependent on the presence of stony soils. Also 
they may be more likely where usable lands are constricted by island size, 
environmental limitations or social constraints. The difficulty of documenting and 
assessing these extensive field systems should not be underestimated, given 
vegetation densities and uncertain land holdings. In addition to assessing wall 
function in the agricultural process, this study points to the potential significance of 
variables such as enclosure size and shape, the joining of enclosure walls, relative 
wall stability, the potential for larger or continuous walls to encompass smaller units 
and internal variability within a complex. Similar complexes elsewhere are unlikely 
to represent dramatic increases in production.
Documentation of the three pronounced arboricultural assemblages on Baluan 
contributes to a growing recognition of the importance and antiquity of these tree 
crops in the prehistory of Western Melanesian. Diverse assemblages were present 
in the Bismarck Archipelago at least 3500 years ago and extended, with variations 
in composition and relative prominence, as far east as the Solomon. Given the 
development of distinct orchards on Baluan, their establishment after the walled 
complexes and their coincidence with an area of intense land use, this study raises 
the probability that tree crops can be a form of intensified production and offer an 
alternative to intensifying root crop production. Similarities between these orchards 
and those of Tikopia, strengthen the hypothesized importance of smaller islands in 
creating circumstances conducive to arboricultural developments (Kirch 1989). 
Despite this growing attention, very few studies have examined these assemblages 
in detail (Lepofsky 1992) or traced their diverse developments in localized 
circumstances. This study contributes to the small body of descriptive information, 
it contribution accentuated by the growing loss of these assemblages in many parts 
of the region (e.g., Swadling 1991).
The study of fishing on Andra contributes to the understanding of the prehistories 
of specialized trading communities that are so prominent in the anthropological and 
archaeological literature of the region. While much of this literature emphasizes the 
importance of manufactured trade goods and trade for land-based resources, this 
study serves as a reminder that sustaining high population densities on small off­
shore islands may also require the intensive use of marine environments under the
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direct jurisdiction of these islands. The intensification of fishing was crucial in 
compensating for a limited land base, not only because fish were the principal media 
o f trade, but because of their importance in daily subsistence and as a supplemental 
food when poor weather or social disputes inhibited trade. This aspect of 
intensification should be considered in seeking explanations for the growing 
complexity of trade networks through time, particularly if these networks became 
increasingly more complex and intense as their spatial extent contracted.
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Appendix A
Terminology and Description of Garden Preparation, Planting, Tending
and Harvesting
The nine gardening terms used as headings in the following were those most prominently 
used in referring to the major practices described and do not necessarily correspond to 
all the activities grouped with them. These other tasks occurred at roughly the same 
time in the sequence as those signified by the headings.
apaput - Cutting or Breaking of Ground Cover and Low Understorey Vegetation
Slashing the grasses, herbs, vines and shrubs to open the understorey of the regrowth 
vegetation community. This was done primarily by men.
tiktik sai - Cutting or Breaking Understorey Bushes and Small Trees
This step killed all but the larger canopy trees and was men's work.
tiktik - Cutting or Breaking Branches of the Larger Canopy Trees
Removal of branches entailed climbing the trees and was done by men. Before the 
widespread use of metal cutting tools, most larger trees were left standing once the 
branches were broken and large branches that would not bum easily were cut and 
stacked (alalik ). Now most trees are cut down or killed by burning their base.
arariyek - Burning and Clearing the Dried Vegetation
Depending on weather, debris was left to dry for two or three weeks. Burning (yek ) 
and clearing encompassed a series of steps which ended in meticulous sweeping 
(sisyik ) of exposed soil to remove even the smallest rubbish. Throughout the 
process, burnt and partially burnt plant debris and small stones were placed on the 
stone heaps and alignments within the garden enclosure. The enclosure walls were 
rebuilt and the internal features re-formalized in the process of removing loose stones 
from the surface of the soil. Final burning was done by placing coconut fronds over 
the ground surface because they produce a high heat quickly. Bamboo or plants 
known to be flammable were used before coconut fronds became so readily available 
with the establishment of copra plantations. Firing the "ground" was seen as 
important in breaking up hard soil to insure crop productivity. Once cleared, 
bananas, taro, secondary crops and ornamental plants were planted within or at the 
base of the stone heaps scattered throughout the garden or adjoining the enclosure 
walls. This work was done by men and women, except for the final stages of 
sweeping and clearing, which was the work of women.
kururpa - Breaking the Ground Surface
In preparation for planting, before the use of metal hoes, the ground was broken with 
straight, pointed digging sticks (siwep). This was done by men, often three of them, 
starting from the down-slope end of the garden and working up-slope. The soil 
mounds (nop) for planting the yams were then formed. At this time, the women 
would be readying (mekui) the planting stock (tubim sifwe and tubun meyen) by
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cutting the sections of Dioscorea alata to be planted and dividing the stock of D. 
esculenta into those tubers to be planted and those to be reserved for eating.
lolomek - Planting
Planting of D. alata and D. esculenta within the soil mounds was exclusively the 
work of women and involved strict tabu and rituals. The entire planting stock was 
placed in the center of the garden, from which the women primarily responsible for 
the garden would distribute (anantek) the tubers to their respective mounds. This 
was done from a basket lined with an assortment of colorful and aromatic leaves. 
Holes were then made in the mounds and the tubers placed in them at the proper 
angle before they were covered with soil and the mound reshaped to a height of 20 to 
30 cm. D. alata was planted first, often at the base of defoliated trees to allow the 
vines to climb to a considerable height. Although groups of women who are not 
necessarily related can join in the planting today, many claim that previously it was 
done only by the woman responsible for the garden together with women of her 
immediate household.
pangpangou - Staking the Yams
The configuration of staking revolved around a central stake to which four to six 
other stakes were bound, each bundle being placed at a mound. The central stake 
was made of the hard wood no and the subsidiary stakes were the stems of the tall 
grass kop {Miscanthus sp ), which were bound to the central stake by the vine 
arawul. Preparation of the stakes and their placement was generally the work of 
men. Although rarely practiced now, staking was seen as increasing the size or 
numbers of yams produced and retarding weed growth Once the yams sprouted and 
were trained to climb the stakes, the garden became subject to a number of tabu and 
access was restricted to women responsible for the garden.
pulpul - Weeding
Done regularly until harvest, weeding was exclusively the work of women. 
yilyil - Harvesting
The leaves turning yellow on the vines indicated that the crop was ready for harvest. 
Generally D. alata took longer to mature than D. esculenta, 8-9 months as against 6- 
9. The dried leaves were crushed and spread across the garden and after five days 
harvesting began. This was done slowly at first and would continue until it became 
necessary to remove most tubers before they spoiled. For D. esculenta harvesting 
was said to be completed within two weeks to a month. The tubers were then stored 
in the garden house {urn mankokolo or urn antubunsue). To prevent the tubers from 
shriveling, new shoots were removed from the stored tubers periodically. Harvesting 
was the work of women.
Appendix B
Major Arboricultural Components of Baluan Island
The following taxa are grouped by their primary product (i.e., fruit, nut or construction 
material) and then listed alphabetically by genus within each category. Tree heights and 
fruit and nut size are estimates based on field observations and comparable ranges given 
in the literature (Coode 1978:72-74, 82-84; Dept. Primary Industry 1983; Foreman 
1978: 111-113; French 1986: 26, 28,30,31, 157, 163, 167, 168, 171, 180, 206, 208, 
215, 219, 234, 238, 240, 243, 259; Henty 1982: 79, 82-83; Hou 1978; Jacobs 1962; 
Lam and Royen 1952; Leenhouts 1955; Payens 1967; Peekel 1984: 58, 61-62, 65, 132- 
133, 245, 281-283, 323, 324, 326, 335-336, 397, 403, 409, 431; Yen 1974: 254-256, 
258, 261-266, 270, 272-274). Relative abundance estimates reflect what was 
observable at the time of field work, while characterizations of the distribution of each 
taxa are historical reconstruction. Notes on seasonality and uses of fruits and nuts are 
based specifically on information from Baluan. Nomenclature was determined, when 
possible, at the National Herbarium at Lae and conforms with that chosen by Henty in 
editing Peekel (1984). When diagnostic material was not present on the collected 
specimen, the taxonomic name follows that generally used in the literature for these tree 
crops.
Fruit Trees
Artocarpus altilis MORACEAE kul (breadfruit) common
This medium to large tree (15 to 30 m tall) was abundant as an upperstorey component 
within the orchards near settlements. The edible flesh of the large, oval to elliptic, 
aggregate fruit served as a major starch staple when in season. Fruit was primarily 
boiled in coconut milk but could also be baked in coals from cooking fires. All fruit 
were said to have seeds which could be roasted or stored for limited periods in baskets 
placed over smoke from household fires. Today no clear and consistent varieties are 
described, although some said distinctions were made in the past. Fruiting probably 
occurs in two very broad fruiting periods, a more pronounced one between May and 
September and a lesser one between November and March. The bark and sticky sap of 
the tree also served numerous utilitarian purposes when prepared.
Corynocarpus cribbianus CORYNOCARPACEAE mwalol uncommon
A small to medium-sized tree (4 to 20 m tall), C. cribbianus was only an occasional 
component of the understorey in the settlement assemblages or orchards. The pear- 
shaped fruit (10 to 12 by 8 to 10 cm) consists of edible cream-colored flesh and a 
single elongated seed. The smooth skin of the fruit is usually either red or white but 
can be pink. Differences in coloration do not correlate with distinctions in taste or 
other characteristics. Although occasionally boiled, the fruit was primarily eaten raw 
when ripe. Fruiting was depicted as occurring at unspecified intervals.
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Burkella obovata SAPOTACEAE nout rare
Although capable of being a large upperstorey tree (20 to 30 m), the few examples 
seen on Baluan suggest that it was an understorey or sub-canopy component of 
orchards found near settlements. It was and is considered with some disfavor for being 
too sweet and is dismissed as being the food of children. Fruit shapes vary 
considerably from round to oval or elliptic (8 to 12 cm wide). The thick edible layer of 
cream-colored flesh is permeated by a white sticky sap and encases a single seed.
When ripe, the skin is green and shiny and appears to be slightly furrowed in 4 or 5 
segments. Production peaks are recognized but not at set intervals. Fruit is often 
gathered from the ground and eaten even when not truly ripe, which extends the 
periods during which it can be consumed.
Dracontomelon dao ANACARDIACEAE you abundant
When fully mature, D. dao forms a broad-crowned emergent (25 to 35 m tall) which 
dominated the canopy of all three assemblage types. Younger trees also yield fruit 
which allows them to be productive components of the understorey as they develop. 
The small fruit is a slightly flattened sphere (2 to 4 cm wide), which contains a "single, 
bone-hard, compressed, lens-shaped" seed (Peekel 1984:323). The skin turns from 
green to yellow as it ripens and can be eaten either raw or cooked. When boiled in 
substantial numbers, it provides a major starch staple. The hard seed is first removed 
by splitting the fruit in half with a selected stone and the entire fruit is boiled in coconut 
milk. Unripe fruit can also be boiled in coconut milk and eaten after the halved fruits 
are washed in salt water and then soaked in salt water for several days. This process 
was practiced primarily during times of food shortages because, although edible, the 
fruit is sour. Uncooked fruit was more of a snack gathered from the ground. 
Harvesting occurred by collecting fallen fruit or picking it by climbing the tree. 
Although flowering and fruiting occur throughout the year, sometimes with flowers 
and fruit occurring together on one tree, peaks in production appear to occur island­
wide. The pattern of these peaks is unclear, but observations suggest that they may 
occur about every four months.
Mangifera indica ANACARDIACEAE wie (mango) common
Mango will be treated as an indigenous tree crop because no evidence, either in 
vernacular name or from informants, suggests that it is a recent introduction. This 
supports Powell's (1976: 110) classification o fM  indica as indigenous to the New 
Guinea lowlands as opposed to some sources that treat it as a recent introduction from 
Asia (e g. Peekel 1984: 324). On Baluan it was a major upperstorey tree in the 
orchards and near settlements, reaching heights of 20 to 30 m and having a dense, 
elongated crown. Next to Pometia pirmata, the fibrous, yellow flesh of this oval or 
elliptical fruit (8 to 12 cm long) was considered the most tasteful on the island. The 
flesh encloses a single lateral seed and skin color, when ripe, varies from green to 
yellow, with some having a reddish tinge. The fruit is eaten raw, often after having 
been collected from the ground. If immature, fruit will ripen if left in the house for a 
limited period Some informants saw production peaking twice a year. Mango is one 
of three trees seen as enhancing soil fertility.
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Pandanus sp. PANDANACEAE kayang uncommon
The species name of this Pandanus is uncertain, although it most closely matches the 
description of P. lamekotensis (Peekel 1984:41). This small to medium-sized tree (5 
to 10 m tall) with a broad crown and drooping branches apparently favored darker and 
damper areas within the orchards or secondary growth communities. The large round 
to oval composite fruit can be 20 to 30 cm in diameter and turns a dark reddish-orange 
when ripe. The keys, 6 to 8 by 3 to 4 cm, were boiled in broth with other foods and 
then the sweet reddish juice was sucked from the key. Fruiting apparently occurs at 
undefined synchronized intervals.
Another edible Pandanus, P. englerianus or mon, is grown on the island in small 
numbers, but many consider it to be a relatively recent introduction. This may be true 
for all of Manus or only Baluan. The broad leaves of P. dubius were also used for 
numerous purposes, particularly for mats, but it is not listed here because it did not 
appear to be incorporated in the tree crop assemblages. Instead it grows among the 
diverse and generally untended plant communities along the shore.
Paratocarpus venenosus MORACEAE peken rare
Informants explained the rarity of P. venenosus on Baluan by pointing to its greater 
prominence in other parts of Manus where there is more "bush" (i.e., more areas with 
advanced secondary growth communities). This medium to tall tree (15 to 25 m) with 
a broad crown was depicted as growing on Baluan where there was suitable "bush" in 
the broadly defined garden area and not in the orchards or near settlements. The edible 
flesh of the large, distinctly lobed, composite fruit (14 to 24 cm wide) is fibrous and 
bright orange to yellow when npe. Skin color turns from orange to dark brown when 
ripening. Although cooked like breadfruit in other parts of Manus, on Baluan it was 
described as being eaten raw. Fruiting apparently occurs at unspecified intervals.
Pomeüa pinnata SAPINDACEAE nau abundant
Heights of bearing P. pinnata generally range from 10 to 25 m despite the taxon's 
potential of being a full 40 m tall. It plays a range of roles as an understorey, sub­
canopy and upperstorey component in the orchards or as an upperstorey and canopy 
tree in the gardened areas. The fruits hang in bunches, each being round to oval (3 to 
7 by 3 to 5 cm) and containing a single seed. The leathery skin of the fruit is peeled to 
expose the thin edible flesh which is white or yellowish in color and often transparent. 
The kernel of the seed is also edible if the entire seed is first soaked in salt water, 
boiled and then the kernel alone boiled in coconut milk. Its value as a supplemental or 
famine food is further enhanced by the seed's ability to preserve for fairly long periods 
if stored over cooking fires in baskets. Skin color varies from dark purple to shades of 
green or red, which serves as the most obvious basis for defining seven named 
varieties. These differences in skin color correspond, consistently, to variations in fruit 
size, shape and taste. Fruiting occurs twice a year for about three weeks, which is the 
most pronounced and predictable fruiting cycle of all the tree crops. The May and 
June season is the most prolific, while that occurring in November and December 
produces relatively few and inferior fruits. Production was also depicted as varying 
substantially from year to year, some claiming that peaks occurred every four or five 
years. Harvesting was done almost exclusively by men who climbed to pick the fruit.
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The presence of P. pinnata within or near gardens was seen as enhancing soil 
productivity.
Spondias cythera ANACARDIACEAE saut common
A large canopy tree (15 to 25 m tall), S. cythera was well suited to gardened areas or 
orchards with dense understoreys, because its spreading crown and periodic loss of 
leaves allow a relatively high degree of light penetration. The bright yellow elliptical 
fruit (6 to 12 by 4 to 6 cm) is primarily eaten raw, although some claim that the flesh 
was occasionally boiled. It was generally gathered from the ground and, to a limited 
extent, would ripen if collected green. The small seeds are enclosed in a distinctive 
lateral stone dominated by five bands of fibrous spines. Although some informants saw 
S. cythera as fruiting at regular intervals, no clear patterns were observed during the 
period of field work.
Syzygium aqueum MYRTACEAE net abundant
A tree of medium stature (5 to 10 m) with a spreading crown, S. aqueum was almost 
exclusively a component of the understorey, particularly near houses and within 
orchards. The waxy skin of the small bell-shaped fruit (2.5 to 3.5 cm basal width by 2 
to 3 cm) is bright pinkish red, white or occasionally dark red. The edible flesh 
surrounding the single seed is a nearly transparent white. The crisp and juicy character 
of the edible flesh makes it more of a refreshing treat than a major supplement to the 
diet and is a particular favorite of children or those quenching their thirst while 
working or traveling. Fruiting occurs in distinct and simultaneous periods throughout 
the island and in synchrony with Syzygium malaccense. During the period of field 
work, fruiting of the two Syzygium occurred about every five months, with S. aqueum 
reaching a peak clearly before S. malaccense. The timing of these cycles can differ 
from that of the neighboring island of Lou, where cycles can even vary from one side 
o f the island to the other.
Syzygium malaccense MYRTACEAE sai abundant
Generally taller than S. aqueum and with an elongated crown, this medium-stature tree 
(10 to 20 m tall) was a prominent understorey component of settlement or orchard 
assemblages and was occasionally represented in the gardened areas. The skin color of 
the roughly elliptical fruit (6 to 9 by 4 to 6 cm) is usually a dark red but can also be 
mottled with white or pink patches. The texture of the edible skin and flesh is similar 
to that of S. aqueum although the flesh is slightly whiter and less moist. As with S. 
aqueum, it is not a substantive food as much as a supplemental treat. See S. aqueum 
for fruiting cycles. Growth of this tree on garden land was seen as enriching the soil if 
subsequently cropped.
Nut Trees
Areca catechu PALMAE pame (betel nut) common
This slender, medium-height palm (10 to 15 m tall) was particularly well suited to 
areas within or near settlements and at temporary shelters used during gardening or
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fishing. The small oval fruits (4 to 6 cm long) hang along branched inflorescences, 
their outside skin turning from green to yellow, dark red or purple as they ripen. After 
being removed from the husk, the kernel is chewed with lime powder and Piper bet.e 
leaf to create the most important stimulant and appetite suppressant in daily life. The 
kernel grows increasingly hard with age and can be consumed over a relatively long 
period as the fruit matures, people preferring specific degrees of ripeness. Picked 
branches can be stored for a limited time if hung in the house, but ripening occurs quite 
quickly. The nuts can be stored for much longer periods if secretly buried in the 
ground. This not only retards spoilage but preserves the stock from numerous 
requests made by relatives and friends with whom one would be obligated to share any 
available nuts. Distribution of betel nut was an important point of protocol in a range 
of political circumstances and during ceremonial exchanges. Segments of the trunk 
provide durable planks and hold a point if sharpened. If fruiting peaks occur, they are 
not pronounced or consistent. Production is adversely susceptible to drought.
Barringtoma porcera BARRINGTONIACEAE ninik abundant
Of medium stature (10 to 15 m tall), B. porcera was a major understorey component 
of the orchards and tree crop communities near settlements. The edible nut develops 
within a single seed surrounded by a thick, fibrous outer layer that forms the 
predominantly oblong fruit (5 to 10 by 4 to 5 cm). Fruit develops along a "spike-like 
raceme" (Peekel 1984:397) which hangs from the branch ends. When ripe, skin color 
varies from tree to tree, being either a light green, dark red or dark purple. This 
variation is roughly recognized as "kinds", but it is not distinguished in the vernacular 
nor does it correlate with any other differences, such as size or taste. Production 
occurs continuously and with no particular peaks or cycles. Another Barringtonia, B. 
novae-hiberniae, is now a prevalent and popular tree crop on the island but it was 
consistently identified as a relatively recent introduction from the Solomon Islands. It 
is particularly common in residential areas where the beauty of the hanging 
inflorescence is considered highly ornamental.
Canarium indicium BURSERACEAE kane (galip nut) uncommon
Reaching heights of at least 20 to 35 m, C. indicum was a major canopy component of 
the orchards and a scattered emergent in gardened areas. Most of the trees were 
apparently removed when the orchards were replaced by coconut plantations. Often 
their former locations are marked with stones pitted by their repeated use as anvils in 
cracking the hard shell that encases the edible kernel. The remaining 20 to 30 trees 
growing on the island today are found in small groups of three or four individuals.
Fruit shape varies from clearly oblong to somewhat oval (3.5 to 6 by 2 to 3 cm.) and 
can appear slightly triangular in cross section. The skin turns dark purple or black 
when ripe, while the thin flesh is an orange-yellow. The hard shell is divided internally 
into three cells but usually only one is large enough to develop an edible kernel. There 
is no indication that Canarium was as important on Baluan, even when more abundant, 
as it is in some island Melanesian groups where its value is increased through 
processing and preservation. Along with other nut-producing taxa, its role in the diet 
was as an intermittent supplement, often being eaten at the base of the tree or gathered 
by children. Neither flowering or fruiting occurs in distinct synchronized cycles and 
informants described it as producing continuously or at rapid intervals.
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Cocos nucifera ARECACEAE pul (coconut) abundant
Nearly thirty years of copra production have almost totally obscured characterization 
of the indigenous forms of coconut and their former distribution. Informants say that 
coconut varieties promoted by government agencies to increase copra production have 
replaced the "old coconuts" which are now represented only by very tall remnants (25 
to 30 m tall) that mark residences abandoned for 60 or 80 years. While probably 
having a strong presence in all tree crop assemblages, their most prominent association 
was with residential areas and near temporary garden or fishing shelters where meals 
would be prepared. The indigenous nuts were described as smaller and did not contain 
drinkable "water" as do the ripening introduced varieties. The dominant use of 
coconut was in food preparation. The scraped meat of the nut was strained with water 
to produce milk or boiled in great quantities to produce oil. Boiling in pottery vessels 
was the major way of preparing food and nearly all food was boiled in coconut "milk". 
Oil was primarily for frying, particularly sago, but it was also a storable product that 
was important as an exchange item. As elsewhere in the Pacific, the husk, shell, 
leaves, fronds and mid-ribs all served a wide variety of functions, either in themselves 
or after being crafted into ornamental or functional objects. Fruiting occurs 
continuously throughout the year.
Inocarpus edulis LEGUMINOSAE nenei occasional
Most I. edulis seen were of medium stature (5 to 18 m tall) and thus part of the 
understorey, particularly within the orchards of the broad settlement area. The 
relatively flat round pod (6 to 8 by 7 to 10 cm) contains a large single seed that was 
roasted before being eaten. The skin of the fruit turns to a yellowish-orange or brown 
when ripe and was gathered from the ground as much as picked Fruiting cycles are 
apparently not pronounced, with some suggesting that fruiting occurs at closely spaced 
intervals.
Terminalia catappa COMB RET ACE AE nalit common
The current prominence of this medium to tall tree (15 to 20 m tall) within the villages 
arose after World War II, when the inland settlements moved to the coast. There is no 
indication that it was cultivated or encouraged in areas beyond its primarily natural 
distribution along the foreshore or land adjacent to the coast. Here it probably 
provided shade and the occasional snack for activities occurring along the shore, much 
as it does today. Of all the nuts produced on the island, it is probably the least 
gathered and eaten, being consumed mostly by children as they play near the shore or 
on the coastal trail. The elliptical, somewhat flattened nut (4 to 5 by 6 to 7 cm) is 
sealed with a flange which is split to remove the edible kernel. Although some fruit is 
available all year, production was seen as peaking about twice a year, tied to cycles of 
leaf loss. Characteristic of the taxon, the leaves turn a distinct red or brown before 
falling.
Terminalia kaernbachii COMB RETACEAE nalit kou occasional
Less common than in other parts of Manus, this large tree (20 to 30 m tall) was 
scattered in the canopy of orchards or was an emergent in gardened areas. The large, 
round to elongated fruit (5 to 5 by 7 to 9 cm) has a distinct red or purplish-red skin
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when ripe and a thick fibrous flesh which encloses a hard woody stone. The stone is 
halved to remove the edible kernel, which is not only larger than that of T. catappa but 
more flavorful. Fruiting apparently peaks at intervals but it was not clear if it coincides 
with that of T. catappa These peaks, at least on certain trees, are pronounced enough 
that groups of women and children would organize gathering trips and return with 
filled baskets. Most nuts were gathered from the ground.
Construction Materials
Aglaia sp MELIACEAE mutmut common
Ranked second as the preferred tree for dugout canoe construction, this tree was 
actively tended and encouraged in mature stands of secondary growth communities, 
within walls along gardens and, sometimes, in orchards otherwise dominated by the 
fruit-and nut-bearing trees. It is a canopy tree (20 to 30 m tall) and favored because of 
its tall and straight trunk, the relative ease with which it can be carved and its 
durability. Canoes fashioned from it were generally not the larger sea-going canoes 
but the smaller canoes used in waters adjacent to the island for fishing or transporting 
goods.
Caryota rumphiana ARECACEAE soap (fishtail palm) common
This distinctive tall palm (10 to 20 m) with bi-pinnate fronds is distributed throughout 
gardened areas, where it is frequently seen untouched in an otherwise cleared garden, 
or within the canopy of secondary growth communities. When split, its trunk provides 
strong and durable planks or spears that hold a point when sharpened Its importance 
equaled those trees used for canoes, mainly because the planks were an important part 
of house interiors.
Cyclandrophora lamina ROSACEAE keit (putty nut) common
Medium in stature (10 to 15 m tall), the "putty nut" tree was an understorey 
component of orchards either near or within settlement areas. The large slightly 
elliptical fruit (4 to 6 by 7 to 8 cm) has brown leathery skin when ripe and contains a 
single thick seed. The entire fruit was grated in cross-section to produce a "putty like 
mash" (Peekel 1984:203), which hardens into a strong caulking or binder when dry.
Its most noted use was for caulking canoes during construction and maintenance, but it 
was also used as a waterproof coating over wickerwork baskets or to strengthen and 
protect the binding of comb and spear handles. Some saw fruiting occurring at 
unspecified intervals, but no distinct pattem was noticed.
Metroxylon sagn PALMAE yabi (sago palm) rare
Found in very low numbers, this important palm (10 to 17 m tall) was planted in the 
few swampy areas along the coast or, rarely, at some relatively damp depressions 
inland. These trees provided only a supplemental source of building material, 
especially leaves for thatching. Most of the important articles made from sago, 
including the starch from the pith of the trunk, were gotten through exchanges with the 
main Manus Island
Arboricultural Components 480
Pleiogynium sp. ANACARDIACEAE momong common
Pleiogynium sp. was the most valued tree for dugout canoe construction and 
ownership of each tree was particularly well defined, protected and often disputed. As 
with Aglaia sp., it is a tall tree (20 to 30 m) with a high, straight trunk and grew in 
mature secondary growth stands, in walls along gardens and mixed with the fruit and 
nut trees of the orchards. The wood's exceptional ability to withstand deterioration in 
salt water made it the preferred wood for canoes. Today it is used for smaller canoes 
for fishing and transport within inshore waters or the reef. Large trees growing on the 
main Manus Island, such as the tall Callophylum sp., were apparently used for the 
larger canoes when Pleiogynium owned by individuals or their relatives were not large 
enough for the purpose.
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Appendix C
Definition and Classification of Junction Types
The classification of all mapped wall junctions as either T, Y or X was based on the 
following definitions and procedures. In the case of T and Y junctions, the angle at 
which walls join was measured by generalizing the trend of the wall within five meters of 
the junction. This procedure attempts to reach a compromise between the localized 
direction of the wall as it approaches the intersection and its general course which, given 
the serpentine nature of most wall alignments, can differ substantially. To speed the 
process of measuring angles and classifying each by the criteria set out below, a template 
incorporating these criteria and the five meter qualification was overlain on each 
junction. Classifications were made at a scale of 1:500 on the original field maps.
T junction - Ideally, a T junction would be one in which a wall intersects another at 
right angles (90 degrees) and is therefore perpendicular to it. This ideal 
is virtually non-existent in the system, given the tendency of the walls to 
bend and turn. Considering these limitations, a junction was classified as 
a T if one wall meets another at angles between 70 and 110 degrees. 
These departures from a true T junction were based on the subjective 
appearance of what a T junction could be within the realities of wall 
alignments and what was considered plausible in terms of the primary 
purpose of identifying walls that postdate those they intersect.
Y junction - A junction was classified as Y if three walls meet at acute angles less than 
70 degrees and at obtuse angles greater than 110 degrees.
X junction - The intersection of any four walls was classified as an X junction. To 
compensate for the possibility that some X junctions had been obscured 
or offset by repeated reconstruction during garden preparation, any four 
walls joining within a meter of each other were considered to be X 
junctions.
Appendix D
Classification of Continuous Wall Type and Length
A single continuous wall is defined as one that starts and ends at a T junction and/or a Y 
junction in which the wall would have to turn at an angle greater than 30 degrees to 
continue through the junction in any direction. This 30 degree angle was measured 
along the generalized trend of a wall within five meters of a junction. To speed the 
process, a template with the appropriate markings was overlain on all Y junctions to 
classify each wall entering a junction as one that continued or stopped. Choosing 30 
degrees as the limiting angle was arbitrary and based primarily on what reasonably 
appeared to the eye to be a continuous wall given the winding nature of most wall 
segments throughout the system.
Once defined, the length of all continuous walls was measured to the nearest meter on 
the original field maps (1:500). The classification of continuous wall type was done in 
two steps. The first step, called continuous wall type (ratio), classifies walls by the 
number of enclosures lying on either side of them, which also indicates the number of 
walls that intersect with them. The ratios derived from this classification are listed 
below with the number to either side of the slash representing the number of enclosures 
lying to either side of the continuous wall. Thus 1/2 means that the wall bounds one 
enclosure on a side and 2 on the opposite side, while 2/3 represents a wall bounding 2 
enclosures on one side and 3 on the other.
Number of Walls Intersecting a Continuous Wall Segment:
1/1 No walls intersect continuous wall
1/2 1 wall intersects continuous wall
1/3 2 walls intersect on the same side
1/4 3 walls intersect on the same side
1/5 4 walls intersect on the same side
2/2 2 walls intersect, 1 on opposite sides
2/3 3 walls intersect, 1 on a side, 2 on the opposite
2/4 4 walls intersect, 1 on a side, 3 on the opposite
2/5 5 walls intersect, 1 on a side, 4 on the opposite
2/6 6 walls intersect, 1 on a side, 5 on the opposite
3/3 4 walls intersect, 2 on opposite sides
3/4 5 walls intersect, 2 on a side, 3 on the opposite
3/5 6 walls intersect, 2 on a side, 4 on the opposite
4/4 6 walls intersect, 3 on both sides
4/5 7 walls intersect, 3 on a side, 4 on the opposite
4/7 8 walls intersect, 3 on a side, 5 on the opposite
5/5 8 walls intersect, 4 on both sides
5/6 9 walls intersect, 4 on a side, 5 on the opposite
5/8 11 walls intersect, 4 on a side, 7 on the opposite
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A second step, called continuous wall type (sum), classifies walls according to the sum 
of enclosures that lie to either side of a wall. Thus a wall which has one enclosure on a 
side and three on the other would be classified as having a sum of four enclosures, as 
would a wall having two enclosures on both sides. This classification by total number of 
enclosures regardless of side allows the frequency of continuous wall types to be 
expressed on an increasing numeric scale, this natural ordering being impossible in the 
more detailed classification which is composed of two separate numbers.
In both steps, each defined continuous wall type was given one of three confidence 
ratings. A rating of 1 indicates that the course of the continuous wall lies entirely within 
a mapped complex and thus its length and type can be stated with confidence. If a wall 
lies predominantly within a mapped complex but part of its course extends beyond or 
along its edge, the wall was given a rating of 2 and the sum or ratio represents the 
minimum number of enclosures bounded by it. A rating of 3 signifies that the wall lies 
along the edge of a complex and the number of adjoining enclosures could, in most 
cases, be determined on only one side. Thus these ratios read 0/1, 0/2, etc.. Because 
not all junctions were depicted along the map edges, the continuation or termination of a 
wall cannot reliably depend on junctions. In these cases, a continuous wall was defined 
as one that did not diverge from its generalized course more than 30 degrees. This third 
confidence level tested the possibility that the dimensions of the mapped complexes 
could have imposed a limiting bias on line length and type.
Appendix E
Detailed Description of Reef Zonation and Morphology
Morphology of the Andra reef divides into five major zones within which 11 subzones 
or reef types can be defined. The descriptions provided below follow the transition in 
reef morphology from the windward (northern) to leeward (southern) exposures of the 
barrier reef segment.
I. Windward Reef Slope
Along the northern or windward reef face, three major features are distinguishable at 
different depths on the aerial photographs. The uppermost feature in elevation, a well- 
defined spur and groove subzone, begins slightly below the low tide level and slopes 
downward until broken by the second feature, a reef front terrace. The outer slope of 
the terrace, in turn, descends steeply to the ocean floor. The third feature, a submerged 
reef shelf, extends to the east and west of the active reef front, apparently at 
considerably greater depths. The upper portion of this slope, usually that above 15 
meters, receives the highest force of sustained wave action and supports abundant and 
diverse coral growth within the varied limits of light, sedimentation and wave energy. 
Informants generally referred to this area as "sea bruk" in pidgin or, in Andra 
terminology, awea kontoh.
a. Submerged Reef Shelf
What appears to be a deeply submerged platform or shelf joins the slope of the reef 
front terrace at its eastern and western extremes. The shelf extends to the west until 
broken by the channel between the Andra and Ponam reefs while, to the east, the 
shelf continues until it joins the comparable feature of the Ahus reef. On aerial 
photographs, the presumed shelf is characterized by broad, amorphous patches with 
dark perimeters and interspersed deposits of lighter sediments. Along with the 
deeper sections of the leeward reef slope, this shelf may represent or be supported by 
a pre-Holocene reef platform which was submerged by rising sea levels.
b. Reef Front Terrace and Lower Slope
As is common on many windward reef slopes, a distinct terrace or bench breaks the 
slope of the spur and groove subzone. This terrace appears on aerial photographs 
and from the air as a shadow of the spur and groove system except that the gutter 
patterns are more widely spaced and offset from those of the active grooves above. 
Lower terraces elsewhere can lie between 14 and 18 meters below the reef edge.
They support coral communities whose densities decrease with depth and collect 
poorly sorted deposits of rubble and sediments from the upper reef front. Presumably 
this terrace ends in a steep or abrupt descent to the ocean floor because no slope is 
visible. Debate over the origin of these terraces raises the possibilities that the 
outward growth of the reef is marked by depth-related transitions or that they are 
remnants of the reef that formed during lower, pre-Holocene sea levels.
Reef Morphology 485
c. Spur and Groove Formation and Outer Living Coral Subzone.
The distinct spur and groove formation along the northern reef front is visible as a 
continuous series of alternating ridges and troughs oriented roughly perpendicular to 
the reef edge. These formations buttress the reef platform by dissipating the full and 
continued force of dominant wave action. Live coral colonies are generally dense 
along the spurs, while the constant movement of accumulated sediments and rubble 
tends to scour the base of the grooves. On some reefs, luxuriant coral growth forms 
a distinct and relatively broad zone along the windward reef edge which is called the 
outer living coral zone. On the Andra reef this zone cannot be distinguished from the 
upper structure of the spur and groove formation which descends almost immediately 
from the edge of the algal pavement. This zone and the reef crest are breached by 
Nganui passage, a major surge channel, and a number of much smaller drainage 
channels.
II. W in d w a r d  R e e f  C r e s t
The most elevated portion of the reef, the windward crest, is the first to become 
exposed as the tides begin to fall and at least two of the three well defined subzones 
within it are subject to prolonged pounding or washing by breaking waves.
a. Algal Pavement
A relatively broad pavement formed by crustose coralline algae slopes gently from 
the most elevated portion of the reef crest to the edge of the windward reef front. 
Swept clean by wave wash, this pavement stretches between the extreme western and 
eastern points of the reef The pinkish-red cemented surface of the pavement is 
broken only by the occasional linear crevices, truncated surge channels, small holes, 
cavities and a few stranded reef blocks. In addition to the encrusting algae, small 
coral colonies grow in the cavities, and patches of turf-like algae cover portions of 
the smooth pavement. Faunal assemblages include various mollusks, some 
gastropods, crabs, shrimps and sea urchins. Informants applied the extended place 
name, Parikoko, to this subzone, consistently depicting it as lying between the "si 
bruk" and the walled traps.
b. Rubble Subzone
Wave action routinely and episodically carries coarse debris from the reef front and 
deposits it along the reef crest to form a continuous, but somewhat uneven, rubble 
subzone. These unsorted, poorly organized accumulations incorporate large 
quantities of branch coral segments, numerous coral heads, dislodged fragments of 
coral colonies and blocks of consolidated reef rock. Heights of the rubble mounds 
vary between 0.3 and 1 m. In some sections, particularly near surge channels that 
breach the algal subzone, deposits of similarly sized gravel or branch coral segments 
(shingles) form tongues that slowly migrate from the rubble subzone onto the reef 
flat. Algal cementation encrusts and sometimes binds loose debris in the more stable 
portions of the rubble subzone, forming a hard substrate under the accumulations.
On aerial photographs, this subzone appears as a darker, somewhat irregular band 
that contrasts with the smoother, slightly lighter algal pavement to the north and an 
even brighter, somewhat patchy strip to the south. Fauna generally found in this
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subzone includes bioeroding organisms, filamentous algae, boring Tridacna clams, 
beds of small mussels and numerous mollusks. Areas that are dominated by rubble 
and dry frequently when the tides fall are called ndridemat.
c. Moated Subzone
A moderate degree of moating occurs in a somewhat discontinuous strip along the 
leeward side of the rubble subzone. Moating takes place where reef features impede 
receding water as the tide falls, thus creating pools whose levels remain relatively 
constant, even during the lowest tides. In this case, the rubble subzone and 
underlying cementation probably restrict drainage and help create the moated strip. 
If this is the case, the moated strip dries substantially during the lowest tides but 
enough pooling occurs to create features characteristic of moating, particularly the 
scattered growth of small microatolls and finely divided branch corals over shallow 
sand deposits. These sands give the subzone a distinctly lighter tone on the aerial 
photographs, setting it off from subzones to either side. Debris intrudes from the 
rubble subzone at numerous points, giving the moated strip a discontinuous 
appearance.
III. Reef Flat
In this case, the reef flat refers to the surface of the reef platform which slopes gently 
away from the reef crest towards the leeward reef margin. The flat itself divides into 
two major segments. The windward or northern two-thirds of the reef flat is dominated 
by strong linear patterns of live coral, while the leeward third is primarily covered by 
sand deposits. The former is largely exposed during the lower tide, while the latter 
remains mostly submerged with the exception of sand cays and some sea grass 
communities. These two major segments are grouped under a single designation 
because informants referred to them collectively as lomat, or that which lies within the 
reef, when discussing fishing methods or fish behavior.
a. Aligned Coral subzone
The dominant linear patterns that distinguish this subzone primarily arise from 
contrasting bands of dark aligned coral communities and lighter elongated sand 
deposits or stretches of encrusted reef surface. As is clear on aerial photographs, 
these alternating alignments run approximately perpendicular to the windward reef 
edge and in directions influenced by currents and wave refraction. Near the 
windward reef crest, alignment direction corresponds directly with major bends in the 
reef edge. Towards the leeward half of this zone these varied orientations become 
more uniform. The influential currents pass through the major breach in the 
windward reef front or are deflected from sand cays. Darker alignments are primarily 
comprised of small corals with brittle branches, encrusted dead coral colonies and 
rubble tracts. Lighter areas, those covered with thin sand layers or hard cemented 
surfaces, support low even-topped patches of massive corals (microatolls) and other, 
smaller, coral forms. The percentage of live coral and the size of colonies increase 
toward the leeward side of this zone where the reef dries less frequently and for 
shorter periods during the lowest tides. The Andra term lolomat appears to 
correspond with this subzone because informants characterize it as lying below the
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walled trap "legs" and encompassing those portions of the reef that have "stones" 
(rubble or dead coral formations) and dry during the lower tides.
b. Sanded Reef Flat
Extensive deposits of sand and small gravel blanket the leeward portion of the reef 
flat. Sediment loads are dropped as their lateral movement slows and the reef floor 
continues to descend. Dispersed across these very light-toned sand flats are some 
sparse sea grass communities, areas stabilized by algal mats, emerging patches of live 
and dead coral colonies and clusters of relatively large microatolls. More massive 
coral formations become prominent towards the leeward reef margin where the water 
is deeper. Most of this subzone remains submerged even during the lowest tides, 
with the exception of some tall coral patches and mounded sand deposits. Currents 
deflected by reef features cut drainage channels through this zone, the deepest being 
that formed along the north and northeastern side of Andra Island. Sand substrates 
can be rich in boring fauna, including mollusks and crustaceans. Informants referred 
to the relatively shallow sanded areas as lonpapi,which, in effect, tend to designate 
most o f this subzone.
c. Sea Grass
On aerial photographs major concentrations of sea grass show as a dark, nearly 
continuous belt around much of the main sand cay (Andra Island) and as a large 
patch midway along the major drainage to the east of the main Andra sand cay. 
Around the island, sea grasses stabilize sand deposits that rise gradually from the 
level of the reef to that of the beach. These often dense communities include taxa 
with short narrow blades and the much longer broad-bladed taxa, the shorter taxa 
dominating areas which dry more frequently during low tides and the longer grasses 
predominating in areas that do not drain completely or repeatedly. Colonies of small 
branch corals are also found within some of these communities. Sea grasses, 
collectively, and areas dominated by them were referred to as korekt.
d. Sand Cays
The two extant vegetated sand cays on the reef include the major island of Andra 
which lies on the western half of the reef and a much smaller cay on the eastern half 
A third cay, also with vegetation, was located between the two cays before being 
washed away by storm waves in the mid-1930's. A fourth, much more ephemeral 
cay, is said to form and disappear to the east of the smaller extant cay. Andra Island 
displays characteristics common to many well established cays: exposed beachrock 
formations occur along the northwestern third of the island; a swampy depression lies 
in the southwestern half of the cay; and a moat has been scoured to the north of the 
cay by strong currents and by waves periodically breaking along the northern shore. 
As indicated by its shape and the distribution of beachrock and sediments, Andra is 
prograding in a northwest to southeast direction which essentially parallels the 
dominant northwest trade winds.
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e. Blue Holes
Called lolu, these blue holes or small deep lagoons occur only within the eastern half 
of the Ponam reef flat (Cholio). On the aerial photographs, the morphology of most 
holes resembles descriptions of lagoons. The windward edges of the holes are 
covered with prograding sand sheets and drop almost vertically. In contrast, the 
leeward edges are lined with bands of dark patches representing live coral colonies. 
The apparent shallowness of some holes has probably resulted from substantial 
infilling.
IV. Leeward Reef Margin
Alternating series of coral patches and sand chutes mark the leeward reef margin. These 
substantial coral patches line the reef margin or form rounded colonies, all of which are 
rimmed with dark margins indicating dense and diverse colonies of living corals. 
Generally spared from the destructive force of waves, these colonies are rich in 
foliaceous and finely branching corals. The distinctly lighter, intervening sand sheets 
denote major channels through which the reef flat drains, many of them forming broad 
delta-shaped fans as they spill over the upper slope of the leeward reef edge. The 
extended place name, Maranchau, designates this margin, which informants described as 
being the complement of Parikoko, the name of the algal pavement, because it also 
stretches from the eastern to the western extremes of the reef edge. Most of this zone 
remains submerged except for the uppermost surface of some coral patches, which are 
exposed during the lowest tides. Lonpai refers to the sand chutes, which remain 
submerged.
V. Leeward Reef Slope
The broad area evident to the south of the reef is either the gradually descending 
leeward reef slope or part of the deep reef shelf discussed earlier as lying to the east and 
west of the windward reef slope. On aerial photographs the weak light-grey tones of 
this slope grow fainter towards the southern fringe and are broken only by the slightly 
darker forms of scattered patch reefs. These patch reefs are isolated masses or knolls 
which remain submerged and support dense stands of live coral. They are called mocho, 
as are the larger patch reefs found in the strait between Andra and the main Manus 
Island. The floor of the slope or shelf is undoubtedly covered with prograding sand 
sheets and sediments deposited from the reef flat. Informants referred to this area as 
chechen, distinguishing it as "sandy areas that lie down below where it becomes dark".
Appendix F
Detailed Description of 27 Fishing Methods
The description of 27 named fishing methods presented below includes, when known, 
the equipment used, procedures or strategies followed, where the method was practiced, 
relevant wind and tidal conditions, ownership rights, gender participation and particular 
fish associated with the method. Attributes held in common among several methods are 
described in detail only in the first entry. The Ponam and Ahus names are provided 
when method descriptions given by Carrier (1982) or by Ahus informants sufficiently 
resemble those of Andra. Informants' "use of inches" to depict relative mesh size of the 
different nets will be retained here because it was unclear if they were referring to a 
measured inch or an approximation of modem mesh widths which occur in inches and 
centimeters.
Nets
hu - Medium-Mesh Frame Net
The most widely used large net, hu, consists of two wooden-framed nets used as a 
pair. The three-sided frames to which the rectangular nets are attached measure 5 to 
6m by 2 to 2.5m. The long side of the frame (kaihu) rests on the reef floor, while the 
two shorter sides (soparaha) are held upright. Three men position the two nets in a 
V, one holding both nets at the apex and the other two supporting each of the open 
ends. Once in place, men, women or children, collectively called kembru/, begin 
driving fish towards the nets in an increasingly restricted course by hitting the water 
and yelling When fish reach the nets, the V is closed and the nets lifted These 
movements are done in rapid succession when fish are plentiful
The nets are prepared for use when suitable kinds or numbers of fish are seen to 
frequent a particular area within the reef. This area is left undisturbed, sometimes for 
several days, until tidal levels are appropriate and the labor needed is found. Pairs of 
nets can be used individually or in groups of up to 14, which requires cooperation 
from other lineages or clans for provision of sufficient nets, supervision of net 
placement and orchestration of the fish drive. Nets are placed in designated and 
named areas which generally lie along drainage channels where fish are known to 
swim when pursued. Solid reef surfaces are preferred as net placements because sand 
deposits or rough surfaces with cavities allow some fish to escape capture by hiding. 
Informants described a number of specified areas as being worked sequentially during 
a single outing, with the pairs opening in prescribed directions. They begin within the 
reef and work, successively, towards the leeward reef margin and then along the 
margin. The method is used during the day or night when tides are high enough to 
allow fish to swim freely and low enough for men to maintain a sure footing.
Most lineages owned hu but they could possess only the number they inherited.
While new netting can be attached to old frames, no new frames can be made until an 
old frame is damaged beyond repair and needs replacing. Additional pairs can be 
acquired only if one lineage relinquishes its rights to another, for example, if one of 
its members takes up residence within another clan. Approximately 35 pairs are 
currently on the island but this number is apparently much less since high death rates
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decimated many lineages early in the century. All lineages can use any designated hu 
area within their territorial division. In large coordinated efforts fish caught are 
formally counted and distributed among major participants and owners of equipment 
used. Those herding the fish keep any they can catch during the drive, most being 
caught as they attempt to hide in sand. Some members of the Carangidae, 
Diodontidae, Lutjanidae, Mugilidae and Siganidae were particularly noted as caught 
by this method. (Ponam = huu and lawin if used in a particular configuration; Ahus = 
hu) (See Nevermann 1934:Plate 16, Minton , 1979:Plate 9)
laiyo - Small-Mesh Frame Net
The method called laiyo is essentially the same as hu except that the mesh size of the 
net is smaller (one-half inch) and it is used where smaller fish gather, particularly in 
sea grass and along the shore of the sand cays or the main Manus Island. As with hu , 
three men operate the paired nets in a V while others drive fish in their direction. As 
many as eight pairs can be used at one time. Lineages own only as many pairs as they 
inherit and can use them anywhere suitable in their territorial division. The name 
laiyo is also applied to another net which is used to catch fish that congregate near 
floating logs or debris in the open ocean (see shark fishing method). This second 
kind of laiyo is identical to the first laiyo in structure and shape but much reduced in 
size. Schools of anchovy (Engraulidae) and herring (Clupeidae) are predominantly 
caught by these large nets. (Ponam = layo ajon; Ahus = laiyo)
lau - Medium-Mesh Barrier Net
The most frequently used of the barrier nets, lau, entails setting a long net in a U 
where it is held by five to seven men and supported by floats and sinkers. Mesh size 
was described as approximately "two to three inches". Once it is set in place, men 
scout for fish in canoes and then drive them towards the net by shouting and hitting 
the water or canoes. As fish near the net, a funnel is formed by pulling the center of 
the U taut with a hook (ndralel). In rapid succession two men holding the net at 
mid-point quickly lift the weighted base of the net while the rope holding the hook 
and funnel is released. This allows the net to surround the fish.
Lau is used in designated places which are, with one exception, all along the leeward 
reef margin. The U configuration of the net generally straddles, lengthwise, an 
interface between sand deposits and solid reef surfaces. Locations are at known 
routes taken by fish as they leave the reef. Only two lineages own lau, one each in 
the western and eastern territorial divisions, but both are free to use any designated 
area regardless of the major territorial boundary. Receding tides are the most 
effective but the tidal level should not be so low that the net cannot hang fully or so 
high that men cannot stand securely. Several places are worked sequentially in a 
single outing, with deeper areas being worked after shallower ones. Numerous 
restrictions are observed before taking the net onto the reef For example, it is 
hidden on the southern side of the island to ensure that the fishing party departs 
without being observed. (Ahus = lau)
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lau wieyep - Narrow Barrier Net Set on the Algal Pavement
The net used in this method is similar to lau in form and mesh size except that it is 
not as wide (tall when suspended). Used only along the algal pavement of the 
windward reef crest, the net is set in a U so that it opens towards the rubble zone and 
is closed to the open ocean. Coral debris is thrown to frighten fish which then head 
for deeper water and the waiting net. Tides must be low enough to expose rubble 
accumulations along the reef crest which acts as a natural barrier, but high enough to 
cover the algal pavement with sufficient water to support the narrow net and allow 
fish to swim. Operators prepare the net for use when the "tails" of fish, particularly 
parrotfish, are seen waving from crevices and holes in the algal pavement. A single 
lineage owns this method and its use is apparently not bound by the major territorial 
distinction. Parrotfish (Scaridae), particularly Scarus ghobban, are frequently caught 
by these nets.
chuweai - Paired Barrier Net with Large Mesh
Made specifically to catch schools of large fish which congregate on the reef, the 
mesh size of these nets is an estimated "nine to ten inches", which is substantially 
larger than other nets. Used in pairs, the long nets are joined at one end and set in a 
V off the back of two canoes. A rope joining the canoe bows keeps the nets aligned 
properly as they are set and is released only towards the end as the canoes part to 
form a broader opening. About ten men hold the net along each side as men in two 
smaller canoes (tidrol palanchan) scout for schools of fish which, when found, are 
driven towards the nets as the men shout and hit the water or canoes. Apparently 
two lineages from a single settlement own this method, one owing the left side and 
the other the right. Nets are set at specific drainage channels along the leeward side 
of the reef without regard to territorial division. Tides must be high enough to allow 
canoes to move freely and to hold the net erect, yet low enough for men to stand 
securely. Sometimes dugong and turtle are also caught. (Ponam = suwai, Aims - 
chuweai)
kapet - Paired Barrier Net for Turtle
Designed to catch turtle, the net employed in this method is the largest in overall 
dimensions and mesh size (estimated "9 to 12 inches"). As with chuweai, a pair of 
nets is set in a V from two canoes whose bows are joined to maintain proper 
alignments. Generally seven or eight men hold each side. The process begins when 
the scout (tilelit), always a member of one particular lineage, locates the group of 
turtles known to be frequenting the area. Once the turtles are sighted, the scout 
waves a white flag, signaling the canoes to begin setting the nets and the smaller 
canoes to form an arc to confine the turtles. The arc is then slowly closed as 
shouting, throwing of rubble, hitting the water and knocking on the canoes drive the 
turtles towards the nets. As the turtles near the nets, the rope joining the canoes is 
dropped and an open V is established. Turtles are captured live by hand when their 
heads or fins are caught in the net or after being chased by men holding the net who 
have positioned themselves to pursue the turtles if needed. Captured turtles are kept 
alive and fed in enclosures made of closely spaced wooden poles located immediately 
off-shore from the settlements. Generally acknowledged as having been adopted 
from Ponam, kapet is owned by one lineage in each territorial division.
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More than any other fishing method, informants stressed the importance of rituals 
and restrictions associated with the use and manufacture of kapet. They sewed the 
net on two consecutive nights (4 pm to 6 am) in the men's house of the lineage 
owning the method, the left side completed on the first night and the right on the 
second. All women, children or men not involved in the process left the village to 
ensure silence and men with pregnant wives could not participate. Many men would 
come, "maybe up to 100", and those with inherited rights to make the required 
cordage would bring a large coil each. The owners of kapet were seen as useless 
without the men, collectively called poket, who came to work on the nets. Accounts 
also listed a number of minor activities to be avoided during use or manufacture of 
these nets and stressed a need for silence or secrecy at various steps in the process. 
(Ponam = haliki to/au ; Ahus = kapet)
maut - Barrier Net with Partial Wooden Frame
Although only briefly described, this method appears to combine elements of the 
frame and barrier net methods on a smaller scale. The small-mesh ("one half inch") 
net hangs freely from one wooden pole which is held by a single individual as others 
in the group drive fish towards the net. Used exclusively along the algal pavement of 
the northern reef edge, rights to this method are owned by one lineage. Presumably 
tides should be low to allow fisherman to stand but high enough for fish to flee.
surri - Hand-held Scoop Net Used with Pole
Practiced by men, this method uses a hand-held scoop net and a wooden pole from 
which the method takes its name. The scoop net (kupwen) is a slightly larger version 
of that used in the walled traps and by women. For example, it measures 1 5m in 
length instead of 0.7m. The small-meshed net hangs from two poles, the shorter of 
the two joining the longer at right angles. Individually or in small groups, men block 
a microatoll or coral block with their nets and then raise it with their poles to expose 
and frighten fish into the nets. Any man can practice this method, make the 
equipment and use it anywhere within his territorial division. Taking place during 
night or day, use focuses on the aligned coral subzone. Tides should be low to allow 
walking on the reef flat but water levels should be high enough for fish to swim from 
hiding. (Ponam = kupen; Alius = kupwen). (See Nevermann 1934:Plate 11).
tuhuluhul - Hand-held Scoop Net
One of the most frequent fishing activities of women, tuhuluhul consists of a woman 
or group of women surrounding a microatoll or coral patch with kupwen, the small 
framed scoop net described above. Each woman holds two kupwen to form a V, the 
long axis of the frame lying flush with the reef. While holding one net with her feet, 
her free hand lifts the microatoll or creates noise to frighten fish from hiding. No 
ownership restrictions apply to this method other than it must take place within the 
user's territorial division. A number of areas are worked in a single outing, generally 
within the aligned coral subzone and when the reef flat is relatively exposed during 
low tides. The method is used during the day or night. (Ponam = fu luful; Afrus = 
kupwen palagai)
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Baskets
kohe - Hand-Held Conical Basket
The conical basket central to this method is made and used exclusively by women. 
Woven from the inner bark of rattan (Calamus sp ), measured examples were 50-60 
cm in length and 25 to 30 cm wide at the flared mouth. It is used primarily on the 
reef flat in colonies of small branch coral where it is placed vertically to the side of 
the colony or within an opening in the colony. Pieces of branch coral are placed in 
the basket mouth to stabilize the basket and deceive the fish. A stick is then used to 
jab at the colony and scare the fish towards the basket which is quickly lifted once the 
fish have taken refuge in it. Women work a number of coral colonies in a single 
outing as individuals or in small groups. Tides have to be moderately low to allow 
them to stand and walk across the reef but high enough for fish to swim among the 
branch coral. All women have rights to use these baskets anywhere within their 
major territorial division. They are also used to catch fish from the artificial rubble 
mounds {patch) described below. They predominantly catch cardinalfish 
(Apogonidae) and damselfish (Pomacentridae). (Ponam = kafef\ Ahus = koheneoii)
mbru en chuk - Cylindrical Basket Trap Submerged on the Reef Flat
The smallest of the three cylindrical basket traps, mbru en chuk is left submerged in 
suitable sanded areas within the reef flat for three days and nights. Woven of rattan, 
two funnel-shaped corridors lead from the ends of the cylinder to the center, allowing 
fish to enter the basket but making it difficult for them to leave. Measuring about a 
meter long, the cylinder rests on a frame of two parallel poles which support the 
outer base of the basket and to which six coral blocks are tied as anchors. Once it is 
in place, men construct two V-shaped alignments of rubble to lead fish to the basket 
openings, a strategy that is particularly successful if the opening faces a coral patch 
and fish mistake the basket for a safe outcrop. It is used throughout the year in areas 
that remain adequately submerged, primarily in the leeward reef flat, and is most 
valued during periods of foul weather because it can be left unattended until a break 
in the weather allows the fish to be collected. Baskets are made only by men who 
inherit this right but many more men can use them, provided their lineage owns rights 
to specific locations where they are used. Once a basket is set in one of these 
hereditary places, all fishing and passage through the immediate area is prohibited.
The first catch with a new basket is prepared and eaten by the owner and anyone who 
has helped him. Old baskets are not discarded in the ocean or on the reef but left to 
decay in the bush. Rabbitfish (Siganidae) were noted as being particularly common in 
basket traps on the reef flat. (Ponam = mbroo - types undifferentiated; Ahus = mbru 
- types identical to Andra) (Minton 1979:Plate 10)
mbru en papi - Cylindrical Basket Trap Submerged on Leeward Reef Margin
This basket trap is almost identical to mbru en chuk except that it is the largest of the 
three basket traps (dimensions unknown) and submerged along the leeward reef 
margin where the water is relatively deep and sand deposits dominate the reef floor. 
Before being submerged in one of the proprietary use areas, six heavy coral blocks 
are tied to the basket frame.
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mbru en mocho - Cylindrical Basket Trap Submerged on Patch Reefs
Said to be slightly larger than mbru en chuk, this basket is lowered onto sandy 
channels on patch reefs that lie between the Andra barrier reef and the main Manus 
Island. Again, six coral blocks anchor the basket which is lowered and retrieved by a 
large hook made for this purpose. A white clam shell is fastened to the basket top to 
make it visible from the surface of the water. Fishermen locate their inherited places 
by orienting their canoe with secret or prominent landmarks. Some lineages have 
rights to bait these traps with sea cucumber (Culcita novaeguineae), which is fried 
until both sides turn red and it produces a smell repulsive to people but attractive to 
fish. Bait allowed ample fish to be caught in one instead of three days. Although 
informants tended to associate bait with this particular basket, it may have been used 
in the others as well. One lineage also claimed rights to use this basket type off the 
northern edge of the reef flat.
Hook and Line
yai lomat - Casting Hook and Line from a Canoe within the Reef
In this commonly used method, a line (yai) with baited hook (pwengo) is cast 
repeatedly from a canoe anchored within the reef flat or margins. Hermit crabs are 
the preferred or most commonly used bait. Men and women can use this method 
anywhere within their territorial division during the day and night. Individuals 
generally anchor in a series of areas during a single outing. (Ponam = ja i lomat)
yai delema - Dropline from Canoe
In this form of bottom fishing, the weighted line with hook is held from a canoe 
drifting over the windward reef slope or, less frequently, patch reefs. Branch coral is 
attached to the line just above the hook where it hangs parallel to the line. The 
weight carries the hook and line to the reef floor where jerking the line releases the 
coral and the hook can drift at the desired depth. It is used exclusively by men who 
work several stretches of reef slope during a single outing. Use occurs during day or 
night, except when strong winds or currents and high waves limit access along the 
windward reef edge. Some older informants considered this method a relatively 
recent introduction, although they gave no account of this. (Ponam =jai paha 
mbrolo hoi - undifferentiated)
yai alawen - Drop Line from Canoe in Deeper Water
This method is identical to yai delema except that it is used in deeper waters and a 
stone instead of coral is tied to the line directly below the baited hook.
yai kindrol - Trolling
Before motorized canoes came into use, trolling with hook and line was done from 
canoes under full sail. Instead of bait, flowers resembling lilies or new shoots of 
Pandanus leaves are attached to the hook. Trolling is done in deep water and only 
by men and a night with a full moon is seen as being particularly productive. (Ponam 
=jai ke-hol)
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yai kinkol - Casting from Northern Edge of Reef
In this method, a line with baited hook is cast from the windward edge of the reef 
over the descending slope of the spur and groove formations. Individuals cast the 
line repeatedly from a series of locations along the reef edge in a single outing. 
Everyone can use this method within their territorial division when tides are low 
enough to allow access to the exposed reef edge.
yai chchenkol - Casting form Leeward Edge of Reef
This method is identical to yai kinkol except that it is used over the reef slope from 
the leeward edge of the reef. Tides would probably need to be slightly lower than 
those required for yai kinkol because the elevation of the leeward reef edge is lower 
than that of the windward edge.
yai ndren mocho or mbrwan - Casting with Live Bait on Isolated Patch Reefs
Casting with live bait takes place primarily over or near patch reefs between the 
Andra reef and the main Manus Island. Use of this method begins by collecting the 
live bait in sandy areas near the beach with a leaf sweep (pwandro) constructed of a 
long rope wound with coconut fronds. The leaf sweep is worked by four or five men 
who slowly surround a school of small silvery fish by pulling the rope into a U before 
completely encircling the school. One account had two parallel ropes, held by three 
or four men each, being brought together and then closed at one end to form the U. 
Fish caught between the ropes are driven to the closed end, lifted with a scoop-net 
(kupweri) and placed in a basket (pwah). The basket is kept partially submerged 
when fastened to the canoe to keep the fish alive Only one or two lineages on the 
island can use this leaf sweep. Tides must be low enough to allow walking in sandy 
near-shore areas and high enough for the leaf sweep to act as an effective barrier. A 
time of weak winds is preferred because the water is clear and visibility good.
After the bait is ready, two or three men prepare the required equipment and hide it 
near the beach from which they will depart when all is quiet. Once near the patch 
reefs, they stir or splash the water to alert fish before throwing some of the bait fish 
into the water to further attract and excite the fish. Live bait is then attached to a 
relatively short line which is fastened to a pole (keyai) made from the mid-rib of a 
sago frond. When the school begins to bite, fish are pulled rapidly into the canoe. 
Reef fish apparently make good bait because they stay near the surface and bring 
predator fish closer to the surface. The task takes two to three hours, with early 
morning or late afternoon being favored times. This method is owned by two 
lineages on the island, one in each territorial division. In addition to tuna, jacks 
(Carangidae) and seabass (Serranidae) are caught. (Ponam =jai mahan) (See 
Nevermann 1934: Plate 13)
yai kinkot - Hook and Line Suspended from Kite
Although occasionally used during their childhood, older informants had heard of kite 
fishing more than they had witnessed or used it. They did not mention this method 
without being asked. The kite was made by tying two sticks to form a bow-like 
frame to which a breadfruit leaf, or that of another broad-leafed tree, was attached to
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catch the wind. Cloth could also be used. The line suspended from the kite was 
relatively short and the hook baited The method was used throughout the reef from 
a canoe and, frequently, from the beach. (See Neverman 1934:Plate 10).
Other Methods
patch  - Artificial Rubble Mound
A rectangular or oval-shaped mound, approximately 1.5 by lm and 0.6m high, is 
constructed of loose reef rubble and left undisturbed until fish grow accustomed to 
taking shelter within it. Once sufficient time has passed, the mound is systematically 
dismantled toward one end of the mound where a scoop net (kupwen) or basket 
{hohe) is placed to catch the gradually displaced fish. If the basket is used, it is 
inserted in a hole in the end of the mound, while the scoop net is held along the side 
of the mound. Rubble from the opposite side of the mound is then slowly and 
carefully removed and the mound is reconstructed behind the basket or net until the 
area is clear. The entire process is repeated in reverse order after the new mound has 
been standing long enough for fish to take shelter in it, and the rubble is shifted back 
to its original position. Patch are constructed immediately leeward of the walled 
traps, primarily within the moated subzone. The tides should be high enough to 
partially submerge the mound yet low enough to allow users to stand securely. The 
mounds can be constructed only where they have been built in the past and use of 
these specific locations is an inherited right. At least two people must work this 
method, one holding the basket or net as the other dismantles and reconstructs the 
mound. Both men and women use these mounds, women with the basket and men 
the net. (Ponam - pas; Ahus - patch)
ngongdronkai -  Fish Poison
To temporarily stupefy fish and thus collect them, a bundle of roots from the shrub 
Derris elliptica is crushed with a stone and held under coral formations or 
microatolls where fish hide. This is repeated three times until the fluids are 
sufficiently concentrated and the fish float to the surface. The method is used 
primarily in the aligned coral subzone and during the day. The reef should be well 
drained so that the poison does not dissipate too rapidly to be effective and the user 
can walk over the reef flat. The tended plants are individually owned and use of the 
roots is prohibited without permission of the owner. Numerous prohibitions 
surround preparation and use of the poison. Individuals, either men or women, 
should gather the roots without being observed, prepare it in solitude and then hide it 
near the shore. When it is retrieved, no one should be watching, the household 
should be quiet and no conversations should take place. Initially, the hands and body 
of the user must not smell of the plant or the fish will be warned.
rohas - Fish Drives
In organized fish drives a group of men or women form a circle around a specific 
area and proceed to drive fish toward the center by hitting the water or the sides of 
the smaller fishing canoes. Before goggles were introduced, fish were speared from 
canoes as the circle closed, which required calm conditions and high underwater 
visibility. With goggles, participants now dive from the canoes and pursue fish with
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spears. Moderately low tides are preferred because they reduce the distance between 
the participant and the fish, thus making the fish more visible, accessible and the 
thrust of a spear more effective. The group generally encircles specific coral 
formations, large microatolls and areas with white sand or sea grass which can be 
found throughout the reef flat or margins. The method can be used anywhere within 
a major territorial division. Fish caught remain with the individual catcher and are 
not pooled for collective distribution. The frequency and importance of this method 
apparently increased substantially after goggles and metal spears were introduced. 
(Ponam = hapahaf)
mokou - Fishing Around Drifting Logs for Shark and Smaller Fish
This method takes advantage of substantial numbers of logs and flotsam that drift 
past Manus annually in the open ocean when the northwest trade winds dominate 
(November to May). The debris acts as an attraction for sharks and numerous 
smaller fish. Once logs are sighted, the men wait for the dominant winds to slacken 
and for weaker winds to blow from the north in the mornings and from the south in 
the afternoons. The morning wind brings the canoes back from the open sea. Sharks 
were caught with a large hook tied to a thick, relatively short line. To catch smaller 
fish, palm fronds are wound around a stick (machii) and lowered in the water to 
attract the fish. The stick is then slowly pulled upward to draw fish to the surface 
where a small-meshed, hand net (laiyo) scoops them from below. Some smaller fish 
caught become bait for the shark hooks. The method is not owned by particular 
lineages and was said to be the work of men although, at least in recent years, women 
have participated.
Numerous restrictions, prohibitions and protocol surround these expeditions. All 
women, children and non-participating men leave the village before the canoes 
depart. Settlements along the north side of the island cannot throw household 
rubbish or sweepings into the water for fear that they will drift north and alert the 
sharks. Nothing shiny can be worn during the expedition because it could startle 
sharks. Special songs are sung to draw smaller fish to the surface as the palm- 
wrapped stick (;machu) is lifted. Driftfish (Nomeidae), leatherjacks (Monacanthidae), 
medusafish (Centrolophidae) and shrimpfish (Centriscidae) are most frequently 
caught beneath this palm-wrapped stick. (Ponam =jai mekeo jam )
kakau - Spear Fishing
Before the introduction and widespread use of metal spears and spearguns, spear 
points were sharpened from trunk segments of the betel nut palm (Areca catechu) 
and attached to bamboo shafts {kakau pame). Spears were thrown from canoes only 
when fish were seen and could be pursued because these sharp points were easily 
broken on hard coral or reef surfaces. The water had to be clear with no wind or 
strong currents to obscure visibility. The following sequence of terms designates 
spears with one to four points and those with more than four: kakau samat (one); 
kakau lumat (two); kakau tulmat (three); kakau hamat (four); and kakau sako (more 
than four). One point was preferred if fish were sleeping or stationary over hard 
surfaces, while two points were more effective for fish hiding in holes or waiting to 
escape. If fish were pursued through sandy areas or were found drifting in the open 
ocean, multiple points were chosen.
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ndrou - Harpoon
Harpoons are primarily used to pursue turtle, dugong, sting ray and some larger fish 
from canoes over predominantly sanded areas of the leeward reef flat. Today, 
harpoons consist of a long wooden shaft with a metal point. Thick cordage is 
attached to the harpoon below the point to join it with a smooth and tapered piece of 
wood which is held as the harpoon is thrown. Full-moon nights are particularly 
productive because rays, dugong and other large fish come onto the reef and are 
active, making them easier to locate and follow. Major portions of the eastern 
Ponam reef or Cholio are covered in sand and were said to be ideal for harpoons. 
Only four lineages on Andra own the right to use harpoons, three on the western part 
of the island (Paluawaha) and one on the eastern part (Rai). Some people considered 
harpoons a modern introduction while others did not.
